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AUTHOB’S  PBEEACE. 


If  one  of  the  principal  characteristics  of  our  epoch,  from  a 
commercial  point  of  view,  is  the  immense  progress  which 
every  department  of  productive  industry  has  achieved,  it 
must  he  admitted  that  the  arts  of  adulteration  and 
sophistication  have  more  than  kept  pace  with  the  progress. 
These  arts  have  invaded  the  luxuries  and  necessities  of  both 
the  rich  and  the  poor — raiment,  food,  medicine,  furniture, 
the  means  of  life,  and  the  requirements  of  disease  ; all  that 
can  be  mixed,  hackled,  twisted,  ground,  pulverized,  woven, 
pressed  ; all  articles  of  consumption  in  trade,  in  manufac- 
tures, in  the  arts  ; in  a word,  all  that  can  be  made  matter  of 
commerce  and  be  sold,  is  adulterated,  falsified,  disguised,  or 
drugged. 

Yet  it  is  necessary  to  make  a distinction,  for  many  things 
are  denounced  as  adulterated,  which  strictly  speaking  arc 
not  so.  For  example,  if  by  any  contrivance  a manufacturer 
succeed  in  making  cloth  or  tissue  in  which  a portion  of  wool 
or  of  silk,  or  of  linen,  is  replaced  by  cotton  (and  such  fabrics 
are  constantly  made,  as  every  one  knows),  such  articles  are 
improperly  said  to  be  spurious  ; it  is  simply  a new  fabric 
which  partakes  of  certain  properties  of  each  material,  and 
when  sold  for  what  it  is,  there  can  be  no  ground  for  com- 
plaint ; the  public  are  clearly  benefited  by  being  able  to 
procure  articles  answering  the  purpose  and  looking  nearly,  if 
not  quite,  as  well  as  fabrics  composed  entirely  of  wool,  silk, 
or  linen,  at  a reduced  price  ; and  it  is  only  when,  on  account 
of  the  close  imitation,  the  seller  succeeds  in  palming  such 
articles  on  the  unwary  customer  at,  or  nearly  at,  the  price  of 
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the  genuine  goods,  that  the  practice  is  to  be  deprecated ; but 
in  such  a case  the  fraud  clearly  lies  at  the  door  of  the  seller, 
not  at  that  of  the  maker  ; neither  are  the  goods  to  be 
inveighed  against  because  dishonestly  sold  for  that  which 
they  are  not,  that  is,  under  a false  name,  and  at  a price 
which  they  could  not  command  if  their  nature  were  known. 

When,  however,  sophistication  is  practised  upon  drugs  or 
substances  employed  for  manufacturing  purposes,  no  such 
reasons  can  be  pleaded,  even  in  extenuation,  for  no  benefit 
can  possibly  accrue  to  the  public,  even  though  the  price  be 
a reduced  one,  of  an  admixture  of  sulphate  of  barytes,  or 
of  chalk,  for  example,  to  white  lead  ; of  lamp-black  to  plum- 
bago ; of  sulphate  of  potash  to  sulphuric  acid,  &c.,  &c.  ; and 
if  adulteration  be  applied  to  medicinal  agents,  drugs,  or  in- 
gredients, or  to  articles  of  food,  the  fraud  becomes  diabolical 
and  unpardonable,  for  the  addition  of  chalk,  of  plaster,  of 
alum,  to  flour  and  to  bread,  of  tallow  and  ochre  to  choco- 
late, of  chromate  of  lead  to  tea,  &c.,  not  only  affects  the 
purchaser’s  purse,  but  destroys  his  health  ; whilst  the  sub- 
stitution of  flour  for  quinine,  of  clay  or  of  Spanish  liquorice 
for  opium,  of  lead  for  mercury,  of  saltpetre  for  nitrate  of 
silver,  jeopardize  at  once  the  jmtient’s  life  and  the  physi- 
cian’s name  and  character. 

The  object  then  of  the  present  book  is,  it  may  be  briefly 
stated,  to  indicate  the  various  falsifications  or  the  impurities 
which  naturally,  accidentally,  or  intentionally,  may  con- 
taminate the  various  articles  met  with  in  commerce,  and  to 
enable  the  manufacturer,  the  miner,  the  trader,  and  the 
public  generally,  to  detect  the  nature  and  amount  of  these 
sophistications  and  impurities  ; or,  in  other  words,  to  ascer- 
tain the  real  or  intrinsic  value  of  such  articles. 

Hitherto  this  has  been  attained  only  by  a regular  analysis 
performed  by  the  practical  chemist.  Several  most  valuable 
treatises  of  chemical  analysis  fully  indicate,  it  is  true,  the 
methods  by  which  such  an  analysis  may  be  made  ; but  these 
treatises,  from  the  most  complete  downwards,  are  far  too 
profound  and  elaborate  to  be  of  great  use,  except  to  the 
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chemist  or  to  the  advanced  chemical  student ; they  require 
a previous  competent  knowledge  of  the  science,  and  do  not 
afford  the  slightest  assistance  to  those  who,  not  being  very 
conversant  with  chemical  matters,  only  wish  to  ascertain 
the  purity  or  the  actual  amount  of  available  matter  contained 
in  the  substances  manufactured  or  purchased  by  them. 

In  the  same  manner  as  a treatise  of  analytical  chemistry 
indicates  the  methods  by  which  compounds  in  general  can 
be  distinguished  from  each  other,  and  their  quantity  de- 
termined, the  ‘ Commercial  Hand-book  of  Chemical 
Analysis  ’ is  intended  to  show  the  specific  application  of 
these  methods  to  compounds  of  a particular  kind,  and  in 
which  the  operator  may  have  to  examine  whether  they  are 
contaminated  by  impurities,  or  sophisticated  by  fraudulent 
additions,  and  to  what  extent ; or,  in  fact,  whether  the  con- 
stituents known  to  exist  in  the  genuine  article  are  present, 
and  in  the  proper  degree. 

In  order  to  facilitate  research,  all  the  substances  treated 
of  have  been  put  in  alphabetical  order  ; and  several  of  these 
compounds  being  known  under  various  names,  they  have 
been  entered  under  all  these  names  in  their  respective  order, 
the  reader  being  at  the  same  time  referred  to  the  more 
modern  appellation  for  the  information  required. 


EDITOR’S  PREFACE 

TO 

THE  PRESENT  EDITION. 


KX 

In  this  New  Edition  the  alphabetical  order  of  the  substances 
treated  of  in  the  former  has  been  retained.  Every  article 
has  been  carefully  revised,  and  the  latest  processes  for 
detecting  impurities  have  been  given.  Many  of  the  articles 
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bearing  on  the  sophistication  of  substances  of  domestic 
consumption,  e.g.,  bread , beer,  butter , cheese , milk,  tea,  water , 
wine,  &c.,  have  been  greatly  enlarged,  and  some  new  ones 
bave  been  added. 

As  it  has  been  my  wish  to  make  the  work  a ‘ Handy 
Book  ’ not  only  for  the  efficient  analyst  discharging  his 
duties  under  the  new  Adulterations  Act,  but  for  others 
also  less  conversant  with  the  details  of  chemical  analysis, 
a considerable  development  has  been  given  to  the  1 Glos- 
sary,’ which  will  be  found  to  contain  much  new  matter 
on  the  subject  of  ‘ Chemical  Manipulation,’  illustrated 
by  many  new  and  appropriate  woodcuts  ; whilst,  as  the 
design  of  the  book  is  altogether  practical,  the  different 
processes  are,  as  in  the  former  edition,  described  in  plain 
language  and  without  the  employment  of  chemical  symbols 
and  notation. 

Henry  M.  Hoad. 


St.  George’s  Hospital  : 
February  1875. 
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ACETATE  or  COPPER  (Subacetate  of  Copper,  Ver- 
digris, JErugo,  Verditer).  See  Copper. 

ACETATE  OF  LEAD  (Sugar  of  Dead,  Salt  of  Saturn). 

See  Lead. 

acetate  OF  sODiimi. — This  salt  is  of  importance  as 
being  the  principal  source  from  which  acetic  acid  is  obtained 
for  several  processes  in  the  arts.  It  is  sometimes  contaminated  by 
sulphate  of  sodium,  and  by  chloride  of  sodium,  or  of  potassium. 

To  detect  the  former,  a known  quantity  of  the  salt  is  dissolved 
in  water,  the  solution  is  acidified  with  hydrochloric  acid,  and  then 
solution  of  chloride  of  barium  added ; the  formation  of  a white 
precipitate  (sulphate  of  barium)  indicates  the  presence  of  sul- 
phuric acid.  It  should  be  collected  on  a filter,  washed,  dried, 
ignited  and  weighed,  ioo  grs.  sulphate  of  barium  - 34-34  sul- 
phuric acid  = 61  sulphate  of  sodium. 

Chloride  of  sodium,  if  present,  may  be  detected  by  adding  a 
few  drops  of  nitric  acid  to  a solution  of  a known  quantity  of 
acetate  of  sodium,  warming  the  solution,  and  then  adding  solution 
of  nitrate  of  silver  and  well  agitating.  The  precipitate  (if  any) 
is  allowed  to  subside,  and  is  then  collected  on  a small  filter,  washed, 
dried  in  a porcelain  crucible,  heated  to  incipient  fusion  and 
weighed.  100  grs.  chloride  of  silver  = 24-74,  chlorine  = 40-8 
chloride  of  sodium. 

Pure  acetate  of  sodium  is  white  and  neutral  when  tried  by  test 
papers ; it  dissolves  in  2-86  parts  of  cold  water,  and  5 parts  of 
alcohol. 

ACETIC  ACID.  See  VlNEGAR. 

ACIDIMETRT.  See  ALKALIMETRY. 
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ALCOHOL. 


ALCOHOL  (Spirit  of  Wine,  Spirits). — The  spirits  of  wine 
of  commerce  is  essentially  a mixture  of  alcohol  and  water,  con- 
taining in  addition  a very  small  proportion  of  a peculiar  oil  derived 
from  the  substance  from  which  the  spirit  has  been  obtained. 

The  proportion  of  real  alcohol  contained  in  spirits  of  wine,  or 
its  strength,  is  generally  ascertained  by  determining  its  specific 
gravity,  which  is  best  done  by  weighing  a known  volume  in  a 
delicate  balance,  but  more  generally  by  an  instrument  called  the 
Hydrometer  or  Alcoholometer , on  account  of  the  facility  of  its 
application,  and  of  the  rapidity  with  which  the  experiment  can  be 
performed.  There  are  several  forms  of  hydrometer,  but  the  in- 
strument always  consists  of  a hollow  bulb  of  glass  or  of  metal, 
with  a counterpoise  below  it  and  a slender  stem  above,  divided 
into  a certain  number  of  degrees.  A set  of  tables  is  generally 
sold  with  the  instrument,  by  consulting  which  the  specific  gravity 
of  the  spirit  is  easily  ascertained,  after  observing  the  degree  upon 
the  stem,  to  which  the  instrument  sinks  on  being 
immersed  in  the  spirit  under  examination. 

Sikes’s  Hydrometer,  which  is  the  one  used 
in  levying  the  spirit  duty  in  this  country,  is 
shown  in  the  margin.  It  consists  of  a brass  ball 
A,  through  which  a flat  stem  b passes,  loaded  at  c, 
and  which  is  divided  into  1 1 equal  parts.  It  is 
also  provided  with  nine  circular  weights,  num- 
bered io,  20,  30,  40,  50,  60,  70,  80,  90,  having 
slits  by  which  they  fit  into  the  stem. 

The  instrument  is  adjusted  so  as  to  float  with 
the  zero  of  the  scale,  coinciding  with  the  surface 
of  the  liquid  in  spirit  of  specific  gravity  0-825 
at  6o°  F.,  which  is  the  standard  alcohol  of  the 
Excise.  In  weaker  spirit  it  will  not  sink  so 
low,  and  if  the  density  of  the  liquid  be  much 
greater  it  will  be  necessary  to  add  one  or  more  of 
the  weights  to  cause  the  entire  immersion  of  the 

The  sum  of  the  number  of  the  weights,  to- 
gether with  the  number  on  the  scale,  which  is  at 
the  level  of  the  liquid,  gives,  by  means  of  a table 
provided  for  the  purpose,  the  amount  of  proof 
spirit  in  the  sample.  Proof  spirit  being,  according 
to  Act  of  Parliament,  such  as  at  510  Falir.  weighs 
1|  as  much  as  an  equal  bulk  of  water,  or  in  other  words,  has  a 
specific  gravity  of  0-923077  at  510,  or  0-919  at  6o°  F.* 

* When  spirit  is  said  to  be  30  per  cent.,  for  example,  above  proof,  it  is 
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The  proportion  of  alcohol  in  spirits  of  wine  may  he  expressed 
either  by  weight  or  by  volume.  Now  as  alcohol  and  water  do  not 
mix  without  alteration  of  volume,  a contraction  taking  place  vary- 
ing with  the  temperature,  the  specific  gravity  of  each  mixture  of 
alcohol  and  water  must  be  determined  by  direct  experiment.  For 
the  purposes  of  commerce,  the  amount  of  alcohol  in  spirits  is 
estimated  by  volume,  but  for  scientific  purposes  the  strength  of 
spirit  is  always  expressed  in  percentage  by  weight. 

The  percentages  of  anhydrous  alcohol,  both  by  weight  and 
volume  of  mixtures  of  alcohol  and  water,  according  to  their 
specific  gravity  as  determined  by  Tralles  from  the  observations 
of  Gilpin,  is  given  in  the  following  Table : — 


Percentages  of  Anhydrous  Alcohol  by  weight  and  volume  in  mixtures 
of  Alcohol  and  Water. 


Volumes 
per  cent, 
according 
to  Tralles 

Weights  per 
cent. 

Specific 
gravities 
according  to 
Gilpin  at 
6o°P. 

Volumes 
per  cent, 
according 
to  Tralles 

Weights  per 
cent. 

Specific 
gravities 
according  to 
Gilpin  at 
60°  F. 

O 

O 

I "oooo 

28 

22*99 

0-9677 

1 

o‘8o 

0-9985 

29 

23-84 

■9666 

2 

i‘6o 

•9970 

30 

24-69 

'9655 

3 

2*40 

'9956 

31 

25 '55 

'9643 

4 

3 '20 

•9942 

32 

26-41 

•9631 

5 

4 '00 

•9928 

33 

27-27 

•9618 

6 

4-8i 

■9915 

34 

28-13 

•9605 

7 

5-62 

•9902 

35 

28-99 

'9592 

8 

6-43 

•9890 

3*5 

29-86 

'9579 

9 

7-24 

•9878 

37 

3° '74 

'9565 

10 

8-05 

-9866 

38 

31.62 

'9550 

11 

8 '87 

'9854 

39 

32'5o 

'9535 

12 

9 69 

•9844 

40 

33'39 

'9519 

!3 

10-51 

•9832 

4i 

34-28 

■9503 

14 

11 '33 

• -9821 

42 

35'i8 

•9487 

15 

12-15 

•9811 

43 

36-08 

■9470 

16 

12-98 

•9800 

44 

3^ '99 

'9452 

17 

13-80 

•9790 

45 

37 '90 

’9435 

l6 

i4'63 

-9780 

46 

38-82 

•9417 

19 

IS '4^ 

•9770 

47 

3975 

'9399 

20 

16-28 

•9760 

48 

40-66 

'938i 

21 

17-11 

'9750 

49 

4i '59 

•9362 

22 

17 '95 

•9740 

50 

42-52 

'9343 

23 

18-78 

•9729 

5r 

43 '47 

'9323 

24 

19-62 

•9719 

52 

44-42 

'9303 

25 

20-46 

•9709 

S3 

45 '3<5 

'928a 

20 

21-30 

■9698 

54 

46-32 

92.62 

27 

22-14 

■9688 

55 

47-29 

92.42 

meant  that  ioo  measures  of  this  spirit,  -when  diluted  with  water  would 
yield  130  measures  of  proof  spirit.  On  the  other  hand,  spirit  30  per  cent 
Mow  proof  contains,  iu  100  measures,  zoo -30,  or  70  measures  of  proof 
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Percentages  of  Anhydrous  Alcohol  by  weight  and  volume  in  Mixtures 
of  Alcohol  and  Water — (continued). 


Volumes 
per  cent, 
according 
to  Tralles 

Weights  per 
cent. 

Specific 
gravities 
according  to 
Gilpin  at 
6o°  F. 

Volumes 
per  cent, 
according 
to  Tralles 

Weights  per 
cent. 

Specific 
gravities 
according  to 
Gilpin  at 
6o°F. 

48 -2  6 

0-9221 

79 

72-45 

0-8664 

57 

49 '23 

'9200 

80 

73 ’59 

•8639 

58 

50-21 

•9178 

81 

7474 

-86n 

59 

51-20 

'9156 

82 

75-9I 

•8583 

60 

52-20 

•9134] 

83 

77-09 

■8555 

6l 

53 '2o 

'9112 

84 

78-29 

•8526 

62 

54'2i 

-9090 

85 

79-50 

•8496 

63 

55'2i 

■9067 

86 

80-71 

•8466 

64 

56-22 

•9044 

87 

81-94 

•8436 

65 

57 ‘24 

*9021 

88 

83.19 

•8405 

66 

59 '27 

•8997 

89 

84-46 

■8373 

67 

59'32 

'8973 

90 

8575 

•8340 

68 

60-38 

•8949 

9i 

87-09 

•8306 

69 

61-42 

•892S 

92 

88-37 

•8272 

70 

62-50 

-8900 

93 

8971 

•8237 

7 1 

63 '58 

•8875 

94 

91-07 

•8201 

72 

64-66 

•8850 

95 

92-46 

•8164 

73 

65  74 

■8824 

96 

93-89 

•8125 

74 

66-83 

•8799 

97 

95-34 

•8084 

75 

67'93 

•8773 

98 

96-84 

"8041 

76 

69-05 

•8747 

99 

98-39 

"7995 

77 

70-18 

•8720 

IOO 

IOO'OO 

•7946 

78 

7I‘3I 

•8693 

The  following  table  by  Drestkwatee  exhibits  the  quantities 
of  absolute  alcohol  by  weight,  in  measures  of  alcohol  and  water, 
of  the  accompanying  specific  gravities.  It  is  founded  on  synthetic 
experiments,  in  which  eleven  different  mixtures  of  alcohol  and 
water  were  made,  containing  respectively  0-5,  1,  2,  3,  4,  5,  6,  7,  S, 
9,  and  10  per  cent,  of  alcohol  by  weight.  The  alcohol  employed 
had  a specific  gravity  of  0793S  at  6o°  F. 


Absolute  Alcohol  by  weight  in  measures  of  Alcohol  and  Water  of 
different  Specific  Gravities. 


Specific 
gravity 
at-6o°  F. 

Alcohol 
by  weight 
in  ioo 
parts 

Specific ' 
gravity 
at  6o°  I*’. 

Alcohol 
by  weight 
in  100 
parts 

Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

1*0000 

0*00 

0*QQQ2 

0-42 

0-9984 

0-85 

0-9976 

I-29 

0-9999 

0-05 

•9991 

0-47 

•9983 

0-91 

"9975 

i"34 

-9998 

O'll 

•9990 

o-53 

•9982 

0-96 

"9974 

1 "45 

*9997 

o'i6 

•9989 

0-58 

•9981 

I "02 

•9973 

i-45 

•9996 

0’2I 

-9988 

C64 

-9980  . 

I 07 

•9972 

i-5i 
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Absolute  Alcohol  by  weight  in  measures  of  Alcohol  and  Water  of 
different  Specific  Gravities — (continued). 


Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

Specific 
gravity 
at  6o°  F. 

Alcohol 
by  weight 
in  100 
parts 

o’9995 

0"26 

0*9987 

o-69 

o*9979 

1*12 

0-9971 

1*56 

*9994 

0-32 

•9986 

o*74 

■9978 

i'i8 

*9970 

i-6i 

*9993 

o‘37 

■9985 

o"8o 

"QQ77 

_ 1*23 

•9969 

_ 1 '67 

•9^68" 

i*73 

*9934 

3 *67 

*9901 

5*70 

•9868 

7-92 

•9967 

178 

*9933 

3*73 

•9900 

5*77 

•9867 

7*99 

•9966 

x*83 

*9932 

378 

7899 

5*83 

•9866 

8-o6 

*9965 

i-89 

‘9931 

3*84 

•9898 

5*89 

•9865 

8-13 

•9964 

i*94 

*993° 

3*90 

•9897 

5*96 

•9864 

8 "20 

*9963 

i*99 

■9929 

3'96 

•9896 

6 '02 

•9863 

8 "27 

•9962 

2-05 

•9928 

4 "02 

*9895 

6 '09 

•9862 

874 

•9961 

2*11 

■992.7 

4-o8 

•9894 

6*15 

■9861 

8 '41 

■qq6o 

2-1 7 

•9926 

4*I4 

■9893 

6*22 

•9860 

8-48 

*9959 

2*22 

•9925 

4*20 

•9892 

6 '29 

•9859 

8*55 

*9958 

2*28 

•9924 

4-27 

•9891 

6*35 

■9858 

8 '62 

*9957 

2"34 

•9923 

4*33 

■9890 

6 '42 

•9857 

8 '70 

■9956 

2*39 

•9922 

4*39 

•9889 

6*49 

•9856 

877 

*9955 

2-45 

*992r 

4*45 

•9888 

6*55 

•985S 

8-84 

*9954 

2*51 

'9920 

4*5i 

•9887 

6-62 

'9854 

8'9i 

*9953 

2'57 

*99 1 9 

4*57 

•9886 

6'69 

*9853 

8-98 

*9952 

2*62 

*99l8 

4-64 

•9885 

675 

•9852 

9*05 

*995i 

— 2~68 — 

•9917 

4*70 

•9884 

6'82 

•9851 

9-I2 

*9950 

2-74 

•9916 

476 

•9883 

6'89 

•9850 

9 "20 

*9949 

2*79 

•9915 

4-82 

•9882 

6*95 

•9849 

9*2  7 

•9948 

2-85 

*99I4 

4-88 

•9881 

7 "02 

•9848 

9*34 

' 9947 

2-9X 

*99I3 

4*94 

•9880 

7*09 

■9847 

9-41 

•9946 

2 '97 

•9912 

5*oi 

*9879 

7-i6 

•9846 

9*49 

*9945 

3-02 

•991 X 

5*07 

•9878 

7*23 

■9845 

9*56 

*9944 

3*o8 

•9910 

5*i3 

■98  77 

7*3° 

•9844 

9-63 

*9943 

3*I4 

•9909 

5 '20 

•9876 

7*  37 

*9843 

970 

•9942 

3*2° 

•9908 

5-26 

•9875 

7*43 

•9842 

978 

•9941 

3-26 

•9907 

5*32 

•9874 

7*50 

•9841 

9*85 

•9940 

3’32 

•9906 

5*39 

*9873 

7*57 

•9840 

9‘92 

*9939 

3*37 

'9905 

5*45 

•9872 

7-64 

*9839 

9*99 

*9938 

3*43 

•9904 

5*5i 

•9871 

771 

•9838 

io'07 

*9937 

3*49 

•9903 

5*58 

•9870 

7*78 

■9837 

■9936 

3*55 

*9902 

5*64 

•q86g 

7*83 

•9836 

*9935 

3*oi 

The  following  Table,  in  which  the  proportion  of  absolute 
alcohol  by  weight  in  ioo  parts  of  spirits  of  different  specific 
gravities  at  6o°  F.  is  given,  is  by  Fownes  Phil.  Trans.-*  1847). 

Every  alternate  number  is  the  result  of  a direct  synthetical 
experiment,  absolute  alcohol  and  distilled  water  being  weighed 
cut  in  the  proper  proportions,  and  mixed  by  agitation  in  stoppered 
bottles.  , After  a lapse  of  three  or  four  days,  each  specimen  was 
brought  exactly  to  6o°  F.,  and  the  specific  gravity  determined 
with  great  care. 
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Absolute  Alcohol  by  weight  in  100  parts  of  Spirits  of  different  Specific 

Gravities. 


Alcohol 

per 

cent. 

Specific 

gravity 

Alcohol 

per 

cent. 

Specific 

gravity 

Alcohol 

per 

cent. 

Specific 

gravity 

Alcohol 

per 

cent. 

Specific 

gravity 

0-5 

1 '0000 

2S 

0-9652 

5i 

0-9160 

76 

0-8581 

O 

•9991 

26 

•9638 

52 

•913S 

77 

'8557 

X 

•9981 

27 

•9623 

53 

'9113 

78 

'8533 

2 

■996s 

28 

•9609 

54 

•9090 

79 

•8508 

3 

•9947 

29 

•9593 

55 

■9069 

80 

•8483 

4 

■9930 

3° 

'9578 

56 

•9047 

81 

'8459 

5 

•9914 

3i 

•9560 

57 

•9025 

82 

*8434 

6 

•9898 

32 

•9544 

58 

*9001 

83 

•8408 

7 

•9884 

33 

•9528 

59 

•8979 

84 

•8382 

8 

•9869 

34 

■9511 

60 

•8956 

85 

'8357 

9 

‘985S 

35 

•9490 

61 

•8932 

86 

'8331 

10 

•9841 

36 

•9470 

62 

■8908 

87 

'83°5 

11 

•9828 

37 

•9452 

63 

•8886 

88 

•8279 

12 

•981S 

38 

'9434 

64  . 

•8863 

89 

•8254 

13 

'9802 

39 

•9416 

65 

•8840 

90 

•8228 

14 

■9789 

40 

•9396 

66 

•8816 

9i 

•8199 

is 

•9778 

4i 

'93 76 

67 

'8793 

92 

•8172 

16 

•9766 

42 

'9356 

68 

•8769 

93 

'8145 

17 

■9753 

43 

'9335 

69 

'8745 

94 

•8118 

18 

•9741 

44 

•9314 

70 

"8721 

95 

•8089 

19 

■9728 

45 

•9292 

7i 

•8696 

96 

•8061 

20 

•9716 

46 

^270 

72 

"8672 

97 

•8031 

21 

•9704 

47 

■9249 

73 

• ’8649 

98 

•8001 

22 

•9691 

48 

•9228 

74 

•8625 

99 

•7969 

23 

•9678 

49 

•9206 

75 

•8603 

100 

'793s 

24 

•9665 

So 

•9184 

Spirits  of  wine  being  an  excisable  article  charged  with  a 
heavy  duty  proportionate  to  its  strength,  and  its  manufacture 
being  fettered  by  very  stringent  regulations,  it  is  subject  to  adul- 
terations of  various  lrinds,  such  as  by  the  addition  of  sugar,  or  of 
extractive  matter , by  which  its  apparent  strength  is  diminished, 
or  by  turpentine , coal  and  wood-naphtha,  and  pyroligneous  acid, 
which  are  sometimes  fraudulently  added  in  sufficient  quantity  to 
enable  the  article  to  pass  under  the  name  of  one  or  the  other  of 
these  substances,  and  thus  to  escape  the  duty. 

If  sugar,  extractive  matter,  or  turpentine  have  been  added, 
the  best  way  of  ascertaining  the  quantity  of  alcohol  present  con- 
sists in  distilling  a portion  of  the  sample,  and  taking  the  specific 
gravity  of  the  distilled  portion,  which,  on  referring  to  the  table 
above,  will  indicate  the  percentage  of  alcohol. 

The  admixture  of  alcohol  to  wood-naphtha,  or  rather  that  of  a 
small  quantity  of  wood-naphtha,  or  of  pyroligneous  acid  to  a large 
proportion  of  alcohol,  is  a fraud  which  was  exploded  some  years 
ago  by  Dr.  Ure,  who,  having  examined,  at  the  request  , of  the 
Board  of  Customs,  samples  of  certain  parcels  of  goods,  represented 
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as  being’  wood-naphtha,  and  which  had  been  at  first  detained  on 
suspicion,  succeeded  in  establishing-  that  the  so-called  wood- 
naphtha  consisted  almost  entirely  of  alcohol,  slightly  disguised  by 
a small  proportion  of  pyroligneous  acid. 

The  process  recommended  by  Dr.  Ure,  for  the  detection  of 
alcohol  in  wood-spirit,  is  as  follows  : — 

( A small  quantity  of  nitric  acid,  of  specific  gravity  l’45,  is 
first  to  be  added  to  the  spirit  under  examination,  which,  if  alcohol 
is  present,  will  immediately  produce  an  effervescence  of  nitrous 
ether  gas,  which  may  be  recognised  as  such  by  its  odour.  The 
■ mixture  is  then  treated  by  a solution  of  mercury  in  nitric  acid 
(which  is  prepared  by  dissolving  ioo  grs.  of  mercury  in  one  fluid 
ounce  of  nitric  acid,  with  the  help  of  heat).  Soon  after  this  addi- 
tion, and  especially  with  the  help  of  a gentle  heat,  the  mixture 
begins  to  effervesce  and  to  evolve  thick  ethereal  vapours  ; should 
the  effervescence  become  too  tumultuous  or  violent,  it  must  be 
quelled  by  immediately  withdrawing  the  fire,  and  cooling  the 
vessel.  A yellowish  grey  precipitate  falls  down,  which  is  ful- 
minate of  mercury,  and  which  should  be  immediately  separated 
by  decanting  or  filtering  the  liquor  from  it,  washing  the  precipi- 
tate on  the  filter  with  a little  distilled  water,  and  carefully  drying 
it  at  a heat  which  must  not  exceed  ioo°  Fahr. ; after  which  it  is 
weighed.  The  quantity  of  fulminate  of  mercury  obtained  is 
nearly  equal  to  that  of  the  alcohol  contained  in  the  wood-spirit ; 
at  any  rate,  the  formation  of  the  detonating  salt  is  quite  cha- 
racteristic of  the  presence  of  alcohol,  since  wood-spirit  treated  by 
nitric  acid  and  mercury  or  silver  can  produce  no  fulminate  of 
silver  or  mercury.  In  collecting  these  substances,  particularly 
fulminate  of  silver,  contact  with  anything  hard  should  be  care- 
fully avoided,  as  they  are  dangerously  explosive ; fulminate  of 
mercury  explodes  less  readily,  and  should  be  preferred.  For  the 
purpose  of  collection,  the  feather  of  a quill  should  bo  used,  and  if 
the  quantity  is  at  all  considerable,  that  is,  if  it  exceeds  a few 
grains,  it  should  be  collected  on  several  filters  so  as  to  handle  only 
small  portions  at  a time.’ 

According  to  Uee,  the  best  criteria  for  distinguishing  wood- 
naphtha  from  alcohol,  and  ascertaining  whether  the  former  is 
genuine  or  illegally  mixed  with  alcohol,  are  the  following  : — 

First.  The  boiling  point  of  pure  wood-naphtha  spirit  is  at 
least  20°  F.  below  that  of  alcohol  of  the  same  gravity,  and  it  ex- 
hales a characteristic  pungent  and  offensive  odour.  Thus  Dr. 
Ure  found  the  boiling  points  of  pure  wood-spirit  and  of  pure 
alcohol  to  be  as  follows : — 

Sp.  gr.  0-870  boiling  point  of  wood-spirit  1440  F.,  of  alcohol  i8o°F. 

„ 0-8832  „ „ 146°  „ 171-5° 
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If  io  per  cent,  of  naphtha  he  mixed  with  alcohol,  the  boiling 
point  is  lowered  at  least  6°  F. 

Secondly.  When  rectified  naphtha  of  sp.  gr.  0-870  is  distilled 
along  with  a great  quantity  of  unslaked  powdered  quicklime  in  a 
retort  plunged  in  boiling  water,  the  spirit  comes  over  with  the 
gravity  unchanged ; whereas  if  genuine  alcohol,  or  a mixture  of 
alcohol  with  naphtha  be  distilled  in  the  same  way,  the  distilled 
portion  is  nearly  free  from  water,  and  of  a gravity  under  o-8oo,  or 
70  per  cent,  over  proof,  at  the  temperature  of  6o°  F.,  wood-spirit 
having  apparently  a greater  affinity  for  water  than  alcohol. 

Thirdly.  When  water  is  added  to  alcohol  the  specific  gravity  of 
the  liquor  becomes  reduced  in  greater  proportion  than  when  wood- 
spirit  of  the  same  gravity  as  the  alcohol  is  diluted  with  the  same 
quantity  of  water.  Thus,  for  example,  if  alcohol  of  a given  density 
is  diluted  with  a certain  quantity  of  water  so  as  to  bring  it  up  to 
sp.  gr.  0-920,  wood-spirit  of  the  same  original  gravity,  and 
diluted  with  the  same  quantity  of  water,  will  become  of  sp.  gr. 
0-926  or  0-927. 

According  to  Ure,  caustic  potash  in  powder  is  the  most  deli- 
cate test  for  the  detection  of  wood-spirit  in  alcohol,  for  if  wood- 
spirit  be  present  the  liquor  assumes  then  a brown  colour ; whilst 
pulverized  potash  does  not  alter  the  colour  of  pure  alcohol,  even 
after  several  hours,  and  it  is  only  after  a whole  day’s  contact  that 
a feeble  yellowish  tinge  is  developed.  But  if  alcohol  contains 
only  2 per  cent.,  or  even  1 per  cent,  of  wood-spirit,  it  turns  yellowish 
in  the  course  of  ten  minutes,  and  brown  in  half  an  hour. 

The  specific  gravity  of  perfectly  pure  alcohol  is  from  0-792  to 
o-8oo,  but  by  mere  distillation  the  stronger  spirit  does  not  yield 
alcohol  of  a less  sp.  gr.  than  0-820 ; the  alcohol  of  the  shops  never 
exceeds  0-835  or  °'846.  See  Brandy. 

AXE.  See  Beer. 

ALIZARI.  See  MADDER. 

AXXAXIIYEETRY  and  ACIDIMETRY.— The  object  of 
alkalimetrical  operations  is  to  determine  the  quantity  of  caustic 
alkali  or  of  carbonated  alkali  contained  in  the  potash  or  soda  of 
commerce.  These  operations  are  simple,  accurate,  rapid,  and  easy  j 
they  may  be  said  to  consist  in  pouring  on  a weighed  portion  of  the 
sample  of  potash  or  of  soda  under  examination  a certain  quantity 
•of  an  acid  of  a known  strength,  until  the  alkali  is  saturated ; that 
is  to  say,  until  the  neutralising  point  is  hit,  which  is  ascertained  by 
means  of  litmus  paper. 

The  instrument  from  which  the  name  of  this  method  of  analy- 
zing alkalies  is  derived,  is  called  an  alkalimeter.  Figure  2 repre- 
sents Gay-Lussac’s  alkalimeter ; it  is  a glass  tube  about  14  inches 
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high,  and  half  an  inch  in  diameter,  capable  of  holding  more  than 
i,ooo  grains  of  water.  It  is  graduated  accurately  from  the  top 
downwards,  into  ioo  divisions,  in  such  a way  that 
each  division  contains  io  grains  of  water.  It  has  a 
small  tube  b,  communicating  with  the  larger  one, 
which  small  tube  is  bent  and  bevelled  at  the  top,  c. 

This  very  ingenious  instrument  was  contrived  by  Gay- 
Lussac,  and  is  by  far  more  convenient  than  the  ordi- 
nary alkalimeter,  as  by  it  the  test  acid  may  be  un- 
erringly poured,  drop  by  drop,  as  wanted.  The  only 
drawback  to  Gay-Lussac’s  alkalimeter  is  the  fra- 
gility of  the  small  side  tube,  b,  on  which  account 
the  common  alkalimeter,  Fig.  4 (see  infra ),  is  more 
generally  used,  because,  as  it  has  no  side  tube,  it  is 
not  liable  to  be  so  easily  broken ; but  then  it  is  less 
manageable,  requires  greater  steadiness  of  hand,  and 
does  not  give  such  accurate  results,  a portion  of  the 
test-acid  being  often  wasted  in  various  ways.  Gay- 
Lussac’s  alkalimeter,  therefore,  is  preferable ; and  if 
melted  sealing  wax  be  run,  or  gutta  percha  pressed  into  the  in- 
terstice between  the  small  and  the  large  tube,  the  instrument  is 
thereby  rendered  much  less  fragile. 

The  form  of  alkalimeter  represented  in  Fig.  3 is 
a modification  of  Schuster’s  alkalimeter,  and  will 
be  found  more  convenient  still  than  that  of  Gay- 
Lussac.  It  consists  of  a glass-tube,  A,  of  the  same 
dimensions,  and  graduated  in  the  same  manner  as 
that  of  Gay-Lussac  ; but  it  is  provided  with  a glass 
foot,  and  the  upper  part,  n,  is  shaped  like  the  neck 
of  an  ordinary  glass  bottle,  c is  a bulb  blown  from 
a glass  tube,  one  end  of  which  is  ground  to  fit  the 
neck,  13,  of  the  alkalimeter,  like  an  ordinary  glass 
stopper.  This  bulb  is  drawn  to  a capillary  point  at 
D,  and  has  a somewhat  large  opening  at  e.  With 
this  instrument  the  acid  test-liquor  is  perfectly  under 
the  control  of  the  operator,  for  the  globular  joint 
at  top  enables  him  to  see  the  liquor  before  it  actually 
begins  to  drop  out,  and  he  can  then  regulate  the 
pouring  to  the  greatest  nicety,  whilst  its  more  sub- 
stantial form  renders  it  much  less  liable  to  accidents  

than  that  of  Gay-Lussac.  The  glass  foot  is  extremely 
convenient,  and  is  at  the  same  time  a great  additional  security. 

When  the  common  alkalimeter,  Fig.  4,  is  used,  the  operator 
must  carefully  pour  the  acid  from  it,  by  closing  the  tube  with  his 
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thumb,  so  as  to  allow  the  acid  to  trickle  iu  drops  as  occasion  may 
require  ; and  it  is  well  also  to  smear  the  lip  of  the  tube  with 
tallow,  in  order  to  prevent  any  portion  of  the  test-acid 
from  being  wasted  by  running  over  the  outside,  after 
pouring,  which  accident  would,  of  course,  render  the 
analysis  altogether  inaccurate  and  worthless  ; and 
for  the  same  reason,  after  having  once  begun  to  pour 
the  acid  from  the  alkalimeter,  by  allowing  it  to 
trickle  between  the  thumb  and  the  lip  of  the  tube,  as 
above  mentioned  the  thumb  must  not  be  removed 
from  the  tube  till  the  end  of  the  experiment,  for 
otherwise  the  portion  of  acid  which  adheres  to  it 
40  would,  of  course,  be  wasted,  and  vitiate  the  result. 
5Q  With  either  of  the  alkalimeters,  Figs.  2 and  3,  this 
precaution  is  not  required,  the  acid  falling  naturally, 
drop  by  drop,  from  the  small  tube,  by  inclining  the 
alkalimeter. 

There  are  several  other  forms  of  burette  or  alkali- 
meter. Fig.  5 is  the  form  known  as  Bfstks’s  burette. 
The  drop  tube  is  here  at  the  top  instead  of  at  the 
bottom  of  the  tube.  The  use  of  this  instrument  re- 
quires a steady  hand,  but  after  a little  practice  a 
liquid  may  be  delivered  from  it  with  great  precision. 

Mohr’s  burette  is  shown  in  Fig.  6. 

It  consists  of  a graduated  tube  drawn  out  at  the  end,  on  which 
is  slipped  a small  piece  of  india-rubber  tubing,  in  the  end  of 
which  is  inserted  a very  small  glass  tube  as  a mouthpiece.  The 
india-rubber  is  confined  by  a brass  spring  or  pinch-cock,  shown  in 
Fig.  7.  ‘ The  advantages  possessed  by  this  instrument,’  observes 

Mr.  Sutton  (‘Handbook  of  Volumetric  Analysis ’),  are  that  its 
constant  upright  position  enables  the  operator  at  once  to  read  off 
the  number  of  degrees  of  test  solution  used  for  any  analyses.  The 
quantity  of  fluid  delivered  can  be  regulated  to  the  greatest  nicety 
by  the  pressure  of  the  thumb  and]  finger  on  the  spring  clip,  or 
pinch-cock,  and  the  instrument  not  being  held  in  the  hand,  there 
is  no  chance  of  increasing  the  bulk  of  the  fluid  by  the  heat  of  the 
body,  and  thus  leading  to  incorrect  measurements,  as  is  the  case 
with  Binks’s  or  Gay-Lussac’s  form  of  instrument. 

Preparation  of  the  Standard  Acid  (modification  of  Gay- 
Lussac’s  method). — Ordinary  oil  of  vitriol  is  diluted  with  ten  or 
twelve  parts  by  measure  of  water,  and  allowed  to  cool.  A 
quantity  of  the  best  bicarbonate  of  sodium  is  washed  on  a filter  with 
cold  water  till  the  filtrate,  when  neutralized  with  pure  nitric  acid, 
ceases  to  give  out  a precipitate  with  either  nitrate  of  silver  or 
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chloride  of  barium.  It  is  then  well  dried,  and  heated  to  a low 
redness  for  some  time  in  a porcelain  or  platinum  crucible  ; when 

cold,  it  is  weighed,  again 


Fig.  5. 


Fig.  6. 


heated  for  some  time,  and 
then  again  weighed.  The  pro- 
cess is  complete  when  the 
second  atom  of  carbonic  acid 

Fig.  7. 


has  been  completely  expelled, 
and  when  the  weight  remains 
constant. 

Of  the  purified  carbonate 
of  sodium  thus  prepared  530 
grains  are  dissolved  in  exactly 
1 0,000  grains  of  distilled  water ; 
a solution  is  thus  obtained  1,000  grain  measures  of  which  contain 
53  grains  representing  one  equivalent  of  carbonate  of  sodium.  This 
quantity  of  the  alkaline  solution  is  poured  into  a small  beaker,  and 
a sufficient  quantity  of  infusion  of  litmus  is  added  to  communicate 
to  it  a distinct  blue  colour.  The  alkalimeter  is  filled  exactly  at 
o°  with  the  diluted  acid,  and  a beaker  being  placed  over  a lamp 
(on  a piece  of  wire  gauze),  the  acid  is  poured  on  until  the  blue 
colour  is  changed  to  bright  red.  The  operator  must  be  careful 
not  to  mistake  the  port-wine  reel  colour  which  the  liquor  assumes 
(from  the  evolution  of  carbonic  acid)  for  the  distinct  reel  produced 
by  a very  slight  addition  of  the  acid,  and  when  the  point  of 
saturation  is  approached  the  addition  of  the  acid  must  be  made 
with  great  care,  the  alkaline  liquid  being  nearly  boiling.  The 
operation  being  finished,  the  quantity  of  acid  which  has  been 
required  is  observed,  and  the  experiment  is  repeated  a second  time 
on  fresh  1,000  grain  measures  of  the  alkaline  solution  until 
perfectly  concordant  results  are  obtained. 

Suppose  that  600  grain  measures  of  acid  have  been  required 
to  effect  an  exact  saturation  of  the  alkaline  solution ; this,  then,  is 
the  quantity  of  acid  equivalent  to  53  grains  of  carbonate  of  sodium  ; 
and  by  adding  400  grain  measures  of  water  to  every  600  grain 
measures  of  such  acid,  a solution  is  obtained,  1,000  grain  measures 
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of  which,  containing  exactly  49  grains  of  mono-hydrated  sulphuric 
.acid,  are  equivalent  to  53  grains  of  carbonate  of  sodium,  to  31 
grains  of  caustic  soda,  to  69  grains  of  carbonate  of  potassium, 
and  to  47  grains  of  caustic  potash. 

Many  chemists  prefer  oxalic  acid  to  sulphuric  acid,  for  the 
following  reasons : — 1,  It  is  easily  obtained  in  a state  of  purity  by 
recrystallization,  and  in  its  crystalline  form  its  composition  is 
perfectly  definite ; 2,  because,  being  a solid,  it  is  better  adapted 
for  weighing  than  a liquid,  and  is  not  liable  to  deliquesce,  or  to 
effloresce  ; and  3,  because  it  is  quite  fixed  in  heated  solutions. 

If  oxalic  acid  be  adopted  as  the  base  of  the  volumetric 
alkalimetrical  system,  63  grains  of  the  pure  crystallized  acid  are 
dissolved  in  water,  and  the  solution  is  diluted  to  1,000  grain 
measures  at  6oo°  F.  This  quantity  of  solution  will  then  exactly 
neutralize  31  grains  of  caustic  soda,  53  grains  of  carbonate  of 
sodium,  47  grains  of  caustic  potash,  and  69  grains  of  carbonate  of 
potassium. 

In  order  to  control  accurately  this  solution,  Mohr  tests  it  with 
a solution  of  caustic  potash  or  soda ; he  prefers  the  former,  as  it 
has  less  action  on  glass.  Scott  prefers  caustic  soda,  from  the 
greater  facility  with  which  it  may  be  obtained  free  from  silicic 
and  sulphuric  acids.  It  is,  however,  immaterial  which  acid  be 
employed.  The  caustic  alkaline  solution  is  diluted  with  distilled 
water  until  is  exactly  equal  in  strength  to  the  normal  acid.  It  is 
preserved  in  a bottle,  through  the  stopper  of  which  is  inserted  a 
tube  containing  a mixture  of  equal  parts  of  sulphate  of  sodium  and 
quicklime,  previously  mixed  together,  dried,  and  ignited. 

Performance  of  the  Alkalimetrical  Assay. — a.  Commerial  Soda. 
500  grains  are  weighed  out  from  the  thoroughly  powdered  and 
mixed  sample.  After  being  dried  it  should  be  gently  ignited  in  a 
porcelain  or  platinum  crucible,  and  allowed  to  cool  without 
exposure  to  the  air.  When  cool  it  is  again  weighed;  the  loss 
indicates  the  amount  of  moisture.  It  is  then  washed  into  a 
'beaker,  in  which  it  is  dissolved.  Should  any  insoluble  residue 
remain,  it  is  filtered  off,  dried,  and  weighed ; the  clear  filtrate  is 
made  up  to  exactly  10,000  grain  measures.  The  solution  is  well 
mixed  together,  and  from  it  1,000  grain  measures  are  taken, 
■transferred  to  a beaker,  the  solution  made  blue  by  a few  drops  of 
litmus  water,  heated  nearly  to  boiling,  and  then  tested  with  the 
normal  acid  in  the  manner  just  described,  until  the  neutral  point 
is  reached  ; the  process  may  be  repeated  several  times  if  necessary, 
to  be  certain  of  the  accuracy  of  the  analysis.  In  order,  however, 
to  avoid  all  ambiguity  arising  from  the  carbonic  acid,  a sufficient 
-quantity  of  acid  may  be  added  to  render  the  acid  very  decidedly 
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Ted,  and  then  the  normal  caustic  alkali  added  drop  by  drop  until 
the  liquid  changes  suddenly  to  violet-blue.  The  number  of 
divisions  of  the  burette  that  have  been  required  to  effect  this 
must  be  deducted  from  the  quantity  of  acid  originally  used. 
By  this  backzvard  or  residual  method  very  sharp  results  may  be 
obtained. 

Example. — Suppose  850  burette  divisions  of  the  normal  acid 
have  been  required,  the  following  calculation  gives  the  amount  of 
real  carbonated  alkali  in  the  sample, 

as  1,000  : 850  : : 53  : x 

x = 45,  the  amount  of  carbonate  of  sodium  in  53  grains  of  the 
sample. 

The  soda  ash  of  commerce  contains  generally,  besides  insoluble 
substances,  which  are  removed  by  filtering,  a greater  or  less 
quantity  of  chloride  of  sodium  (common  salt)  and  of  sulphate  of 
sodium  (which,  however,  do  not  interfere  with  the  accuracy  of  the 
result)  ; but  when  sulphurets,  sulphites,  or  hyposulphites,  are 
present,  these  substances,  neutralizing  a certain  quantity  of  the 
test-acid,  would  render  the  estimation  seriously  inaccurate  ; where- 
fore it  is  absolutely  necessary  in  such  cases  to  transform  these 
substances  into  sulphates  by  calcining  a given  quantity  of  the 
sample  with  five  or  six  per  cent,  of  chlorate  of  potassium,  as 
recommended  by  Gay-Lussac  and  Welter.  The  operator, 
therefore,  should  intimately  mix  500  or  600  grains  of  pulverized 
chlorate  of  potassium  with  100  grains  of  the  pulverized  sample, 
and  fuse  the  mixture  in  a platinum  crucible.  The  fused  mass 
should  then  be  dissolved  in  boiling  water,  filtered,  washed,  and  in 
every  respect  assayed,  as  was  described  before,  with  one  or  the 
other  of  the  test-acids  mentioned. 

But  if  the  soda-ash  contains  any  hyposulphite,  it  should  not 
be  calcined  with  chlorate  of  potassium,  because  under  the  influence 
of  this  substance  one  equivalent  of  hyposulphite  becomes 
transformed,  not  into  one  equivalent  only  of  sulphate,  but,  reacting 
upon  one  equivalent  of  carbonate  of  sodium,  expels  its  carbonic 
acid,  and  forms,  with  the  soda  of  the  decomposed  carbonate,  a 
second  equivalent  of  sulphate  of  sodium,  each  equivalent  of  hypo- 
sulphite becoming  thus  converted  into  two  equivalents  of  sulphate, 
and  therefore  creating  an  error  proportionate  to  the  quantity  of  the 
hyposulphate  present,  each  equivalent  of  which  would  thus 
destroy  one  equivalent  of  real  and  available  alkali,  and  rendor 
the  estimation  of  the  sample  inaccurate. 

It  is  therefore  preferable,  according  to  Messrs.  Fresenius  and 
Well,  to  add  to  the  alkaline  solution  of  the  sample  a small 
quantity  of  yellow  chromate  of  potassium,  the  chromic  acid  of 
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which  transforms  the  sulphites,  hyposulphites,  and  sulphurets  into 
sulphates  and  water,  with  separation  of  sulphur. 

Detection  of  Sulphuret  of  Sodium,  Sulphite,  or  Hyposulphite  of 
Sodium  in  Soda-ash. — Whether  the  sample  to  be  analyzed  contains 
any  sulphuret  of  sodium,  sulphite,  or  hyposulphite  of  sodium,  is 
easily  ascertained  as  follows : — 

If,  on  pouring  sulphuric  acid  upon  a portion  of  the  soda-ash 
under  examination,  an  odour  of  rotten  eggs  (sulphuretted 
hydrogen)  is  evolved;  or  if  a portion  of  the  soda-ash,  being 
dissolved  in  water,  and  then  filtered,  produces  a black  precipitate 
(sulphuret  of  lead),  when  solution  of  acetate  of  lead  is  poured  into 
it,  then  the  sample  contains  sulphuret  of  sodium. 

And  if  a certain  portion  of  the  ash  be  added  to  some  dilute  sul- 
phuric acid  (tinged  reddish-yellow  by  bichromate  of  potassium), 
but  in  quantity  not  sufficient  to  saturate  the  acid  completely,  and 
a green  tinge  is  imparted  to  the  acid,  it  is  a proof  that  the  sample 
contains  either  sulphite  or  hyposulphite  of  sodium,  the  green  tinge 
being  due  to  the  transformation  of  the  chromic  acid  into  oxide  of 


chromium. 

If  hydrochloric  acid,  being  poured  into  a clear  solution  of  the 
soda-ash  and  left  at  rest,  becomes  turbid  after  some  time,  and 
evolves  an  odour  of  sulphurous  acid  (the  odour  of  burning 
brimstone),  the  turbidness  is  produced  by  a separation  of  sulphur, 
and  it  indicates  the  presence  of  hyposulphite  of  sodium. 

Estimation  of  the  Caustic  Soda  contained  in  Soda-ash. — The 
soda-ash  of  commerce  frequently  contains  some  caustic  soda,  the 
proportion  of  which  it  is  sometimes  important  to  determine.  This 
may  be  done,  according  to  M.  Barreswirl,  by  adding  an  excess  of 
solution  of  chloride  of  barium  to  the  aqueous  solution  of  the  soda- 
ash  under  examination;  the  carbonate  of  sodium  is  thereby 
converted  into  carbonate  of  barium,  whilst  the  caustic  soda, 
re-acting  upon  the  chloride  of  barium,  a quantity  of  free  baryta 
is  thus  produced,  proportionate  to  that  of  the  caustic  soda 
in  the  soda-ash.  After  this  addition  of  chloride 
of  barium  the  liquor  is  filtered,  in  order  to  se- 
parate the  precipitated  carbonate  of  barium  pro- 
duced, and  which  remains  on  the  filter,  on  which 
it  should  be  washed  with  pure  water.  A few 
lumps  of  chalk  are  then  put  into  a Florence 
flask  a,  and  some  dilute  hydrochloric  acid  being 
poured  upon  it,  an  effervesence  due  to  a disen- 
c gagement  of  carbonic  acid  is  produced  ; the  flask 
is  then  closed  with  a good  cork,  provided  with  a bent  tube  b, 
reaching  to  the  bottom  of  the  vessel  c,  and  the  stream  of  carbonic 


Fig.  8. 


ALKALIMETRY. 


15 


acid  produced  is  then  passed  through  the  liquor  c,  filtered  from- 
the  carbonate  of  barium  above-mentioned.  The  stream  of  carbonic 
acid  produces  a precipitate  of  carbonate  of  barium,  which  should 
be  also  collected  on  a separate  filter,  washed,  dried,  and  weighed. 
Each  grain  of  this  second  precipitate  of  carbonate  of  barium  corre- 
sponds to  0-32  of  caustic  soda. 

As  the  soda-ash  of  commerce  almost  invariably  contains 
earthy  carbonates,  the  sample  operated  upon  should  always  be 
dissolved  in  boiling  water  and  filtered,  in  order  to  separate  the 
carbonate  of  calcium,  which  otherwise  would  in  all  circumstances 
saturate  a proportionate  quantity  of  the  test  acid  and  render  the 
analysis  worthless. 

b.  Commercial  Pearlashes. — The  mode  of  operating  is  precisely 
the  same,  but  as  the  equivalent  of  carbonate  of  potassium  is  69, 
the  weight  of  the  sample  to  be  operated  upon  to  make  in  solution 
10,000  grain  measures  will  be  690.  It  may  sometimes  be 
convenient  to  employ  a normal  sulphuric  acid,  1,000  grain 
measures  of  which  shall  be  equivalent  to  precisely  100  grains  of 
the  anhydrous  caustic  alkali.  For  this  purpose  it  is  obvious  that 
different  standard  acids  will  be  required  for  soda  and  for  potassa. 
That  for  soda  must  be  of  such  a strength  that  1,000  grain 
measures  shall  saturate  exactly  171  grains  of  pure  carbonate  of 
sodium,  and  that  for  potassa  must  be  precisely  equivalent  to 
146-8  grains  of  pure  carbonate  of  potassium.  The  advantage  of 
the  standard  above  described  is  its  equivalency  both  to  potassa  and 
soda. 

Drs.  Fresenius  and  Will's  Alkalimetrical  Process. — Besides  the 
alkalimetrical  processes  which  have  been  explained  in  the  pre- 
ceding pages,  the  proportion  of  available  alkali  contained  in  a 
sample  may  be  estimated  by  ascertaining  the  amount  of  carbonic 
acid  contained  therein,  and  which  is  disengaged  on  neutralizing 
the  carbonated  alkali. 

This  method,  however,  of  estimating  the  value  of  alkalies  by 
the  weight  of  the  carbonic  acid  gas  liberated,  and  which  is 
always  proportionate  to  the  quantity  of  real  alkali  in  tho  carbonate 
operated  upon,  has  been  long  known.  Dr.  Ure,  in  the  1 Annals  of 
Philosophy,’  for  October  1817,  and  afterwards  in  his  pamphlet 
‘ Chemistry  Simplified,’  described  several  instruments  for  analyzing- 
earthy  and  alkaline  carbonates  by  the  quantity  of  carbonic  acid 
disengaged  from  them  when  treated  by  an  acid.  The  ingenious 
little  apparatus  employed  by  Drs.  Fresenius  and  Will  for  the 
same  purpose,  gives  also  accurate  results;  but  it  should  bo 
observed,  that  when  the  potash  or  soda-ash  of  commerce  contains 
any  caustic  alkali,  or  bicarbonate  of  alkali,  or  any  earthy  or  other 
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carbonates — for  example,  carbonate  of  calcium,  which  is  frequently 
the  case — this  process  is  not  applicable,  unless  the  caustic  alkali  or 
its  carbonate  be  previously  converted  into  the  neutral  carbonate  ; 
the  earthy  carbonate,  which  may  be  present  likewise,  must  be 
removed  beforehand. 

The  apparatus  of  Drs.  Fresenttts  and  Will  consists  of  two- 
flasks,  A,  b.  The  first  must  have  a capacity  of  from  two  to  two 
ounces  and  a half ; the  second,  or  flask  b, 
should  be  of  a smaller  size,  and  hold  from 
a one  ounce  and  a half  to  two  . ounces.  Both 
flasks  must  be  provided  with  perfectly 
sound  corks,  each  perforated  with  two  holes, 
through  which  the  tubes  a,  c,  d,  are  passing. 
The  lower  extremity  of  the  tube  a must  be 
so  adjusted  as  to  reach  nearly  to  the  bottom 
of  the  flask  A,  and  its  upper  extremity  is 
closed  bjr  means  of  a small  pellet  of  wax; 
c is  a tube  bent  twice  at  right  angles,  one 
end  of  which  merely  protrudes  through  the  cork  into  the  flask 
A,  but  the  other  end  reaches  nearly  to  the  bottom  of  the  flask  B. 
The  tube  d of  the  flask  B merely  protrudes  through  the  cork  into 
the  flask. 

The  apparatus  being  disposed,  a certain  quantity,  ioo  grains 
for  example,  of  the  potash  or  soda-ash  under  examination  (and 
which  may  have  been  previously  dried  as  described  above),  is 
weighed  and  introduced  into  the  flask  A ; water  is  next  poured 
into  this  flask  to  about  one-third  of  its  capacity;  concentrated 
sulphuric  acid  is  now  poured  into  the  flask  b,  and  the  corks  are 
firmly  put  on  the  flasks,  which  thus  become  connected,  so  as  to 
form  a twin-apparatus,  which  is  then  put  on  a delicate  balance 
and  accurately  weighed. 

The  weight  of  the  apparatus  being  noted  down,  the  operator 
should  now  apply  his  lips  to  the  extremity  of  the  tube  d,  and  suck 
out  a few  air-bubbles,  which  rarefies  the  air  in  the  flask  A,  and 
consequently  causes  the  sulphuric  acid  of  the  flask  B to  ascend  a 
certain  height  (after  the  suction)  into  the  tube  c ; and  if  aftci  a 
short  time  the  column  of  sulphuric  acid  maintains  its  height  in 
the  tube  c,  it  is  a proof  that  the  apparatus  is  air-tight,  and 
therefore  as  it  should  be.  This  being  ascertained,  suction  is  again 
applied  to  the  extremity  of  the  tube  d,  so  that  a portion  of  the 
sulphuric  acid  of  the  flask  B ascends  into  the  tube  c,  and  presently 
falls  into  the  flask  A,  the  quantity  which  thus  flows  over  being 
proportionate  to  the  vacuum  produced  by  suction.  As  soon  as  the 
acid  comes  in  contact  with  the  carbonate  in  the  flask  A,  carbonic 
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acid  is  disengaged,  and  in  order  to  escape  it  must  pass  by  the  tube 
c,  through  the  concentrated  sulphuric  acid  of  the  flask  b,  by 
which  it  is  completely  dried  before  it  finally  escapes  through  the 
tube  d.  The  effervescence  produced  by  the  disengagement  of  the 
carbonic  acid  having  subsided,  suction  is  again  applied  to  the 
tube  cl,  in  order  to  cause  a fresh  quantity  of  sulphuric  acid  to  flow 
over  into  the  flask  as  before,  and  so  on,  until,  the  carbonate  being 
completely  decomposed,  carbonic  acid  ceases  to  be  evolved. 
When  this  uoint  is  obtained,  a powerful  suction  is  applied  to  the 
tube  d,  in  order  to  cause  a tolerably  large  quantity  of  acid  to  flow 
into  the  flask  a,  which  thus  becomes  very  hot,  from  the 
combination  of  the  concentrated  acid  with  the  water,  so  that  the 
carbonic  acid  is  thoroughly  disengaged  from  the  solution. 

When  all  evolution  of  carbonic  acid  gas  has  ceased,  the  little 
stopper  of  wax  is  carefully  removed  from  the  tube  c,  and  suction 
applied  for  some  time,  in  order  to  remove  the  carbonic  acid 
contained  in  the  flasks  and  replace  it  by  atmospheric  air.  When 
the  apparatus  has  become  quite  cold  it  is  weighed  again,  the 
difference  of  weight  between  this  second  weighing  and  the  first — 
that  is  to  say,  the  loss — indicates  of  course  the  quantity  of  car- 
bonic acid  which  was  contained  in  the  carbonate  and  which 
has  escaped,  from  which  the  quantity  of  the  carbonated  alkali 
operated  upon  may  be  calculated.  Suppose  that  the  loss  is  19^ 
grains,  taking  the  equivalent  of  soda  = 31,  and  that  of  carbonic 
acid  = 22  (carbonate  of  sodium  = 53),  it  is  clear  that  if  22  of 
carbonic  acid  represent  31  of  soda,  or  53  of  carbonate  of  sodium,  the 
19^  grains  of  carbonic  acid  which  were  disengaged  represent  48 
grains  of  carbonate  of  sodium,  or,  in  other  words,  the  100  grains 
of  soda-ash  operated  upon  contained  4 7 per  cent,  of  carbonate  of 
sodium. 

As  the  soda-ash  of  commerce  always  contains  earthy  carbo- 
nates, instead  of  putting  the  100  grains  which  are  to  be  analyzed 
directly  into  the  flask  a,  it  is  absolutely  necessary  first  to  dissolve 
them  in  boiling  water,  to  filter  the  solution,  aud  to  wash  the 
precipitate  that  may  be  left  on  the  filter  with  boiling  water.  The 
solution  and  the  washings  being  mixed  together,  should  then  be 
concentrated  by  evaporation  to  diminish  their  bulk  to  the  proper 
volume  for  introduction  into  the  flask  A,  and  the  process  is  then 
carried  on  as  described. 

If  the  soda-ash  under  examination  contain  any  sulphuret  of 
sodium,  sulphite  or  hyposulphite  of  sodium,  it  must  be  treated 
exactly  as  described  above,  previous  to  beginning  the  analysis,  since 
otherwise  sulphuretted  hydrogen  and  sulphurous  acid  would  be 
disengaged  along  with  the  carbonic  acid,  which  would  apparently 
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augment  the  proportion  of  the  latter  and  render  the  result  quite 
erroneous. 

If  the  soda-ash  contain  any  caustic  soda,  which  is  frequently 
the  case,  Drs.  Fresenitts  and  Will  prescribe  to  weigh  off  a 
portion  of  the  sample,  and  to  triturate  it  in  a mortar  with  about 
3 or  4 parts  of  quartzose  sand,  and  about  one  third  part  of 
carbonate  of  ammonium.  The  whole  is  then  put  into  a small 
iron  capsule,  and  the  mass  being  moistened  with  aqueous 
ammonia  is  then  evaporated  to  dryness,  in  order  to  expel  the 
ammonia  and  carbonate  of  ammonium.  The  mass  is  then  treated 
by  water,  filtered,  washed,  concentrated  to  the  proper  bulk  by 
evaporation,  and  then  treated  as  described. 

The  balance  used  for  this  mode  of  analysis  should  be  capable 
of  indicating  small  weights  when  heavily  laden. 

Mr.  Griffin's  Method  of  Centigrade  Testing. — The  unit  of  Mr. 
Griffin’s  system  of  decimal  measures  is  called  a septem  because  it 
contains  7 grains  of  pure  water  at  the  Parliamentary  Standard. 

ioo  septems  = Tglb.  of  water  = ~ gallon. 
i,ooo  septems  = i lb.  of  water  = ~ g8^011* 

10,000  septems  = io  lbs.  of  water  = i gallon. 

To  the  measure  that  contains  i lb.  of  water,  or  the  tenth  part 
of  an  imperial  gallon,  he  gives  the  name  of  Decigallon. 

The  other  relations  are  explained  in  the  table. 

Processes  for  Preparing  Standard  Solutions  of  Acids  and  Alkalies. 
— The  rule  to  be  followed  is  this : To  form  a test  liquor  of  50, 
which  is  a very  convenient  strength  for  general  purposes , dissolve 
five  test  atoms * of  the  chemical  preparation  in  so  much  water  as 
will  make  a decigallon  of  solution  at  62°  F.  The  practical  means 

* The  weight  of  the  equivalent  of  any  substance  taken  in  English  grains 
is  called  a test  atom.  Thus,  56  grains  is  the  test  atom  of  hydrate  of  potash, 
that  number  representing  the  equivalent  of  hydrate  of  potash ; and  49 
grains  is  the  test  atom  of  sulphuric  acid,  that  number  representing  the 
equivalent  of  hydrated  sulphuric  acid.  When  a test  atom  of  any  substance 
is  dissolved  in  water,  and  the  solution  is  further  diluted  with  water  till  it 
occupies  the  bulk  of  a decigallon  at  62°  F.,  the  solution  is  called  of  one 
degree  strength  and  it  is  marked  i°.  Hence  a solution  of  hydrate  of  potash 
of  i°  contains  56  grains  of  that  salt  as  a decigallon  of  that  solution.  Sul- 
phuric acid  of  i°  contains  49  grains  of  the  hydrated  acid  in  a decigallon  of 
the  diluted  acid.  If  jive  test  atoms  of  the  dry  test  are  contained  in  the  same 
bulk  of  solution,  its  strength  is  called  50  ( five  degrees ).  It  is  evident  front 
this  that  equal  measures  of  solutions  of  the  same  degree  are  equivalent  in 
chemical  power  to  each  other,  and  that  any  quantity  by  weight  of  test  can 
be  taken  by  measuring  off  a corresponding  quantity  of  its  solution  of  a 
known  degree  of  strength. 
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of  weighing  the  test  atoms  and  bringing  them  into  solution  are  as 
follows  : — 

Carbonate  of  Potassium  of  2§°. — The  carbonates  being  bibasic 
solutions  of  2}°,  are  equal  in  saturating  power  to  acid  solutions  of 
5°.  Ignite  about  400  grains  of  pure  carbonate  of  potassium  for 
about  ten  minutes,  then  allow  the  crucible  to  cool  with  its  cover  on. 
When  cold,  weigh  off  345  grains  and  dissolve  them  in  adecigallon 
flask  of  water.  Cover  the  mouth  of  the  bottle  with  a piece  of 
thin  writing-paper,  close  it  tight  with  the  palm  of  the  hand,  and 
miT  thoroughly.  The  solution  thus  formed  will  have  the  strength 
shown  by  No.  13  in  the  table  on  page  20,  and  may  be  used  in 
preparing  acids  of  50,  with  which  it  is  equivalent  measure  for 
measure. 

Imperial  Liquid  Measure. 


Correspondence  of  the  Weight  and  Measure  of  Water.  Temperature, 
62 0 F.  ; Barorn.,  30  inches;  Weight,  Avoirdupois. 


Gallon 

Quarts 

Pints 

Pounds 

Fluid 

Ounces 

Cubic 

Inches 

Fluid 

Drachms 

Grains 

I 

4 

8 

IO 

160 

277-274 

1280 

70,  OOO 

... 

I 

2 

2'S 

40 

69'3i85 

320 

17,500 

... 

I 

1 "25 

20 

34'6593 

160 

8750 

IO 

I 

l6 

27-7274 

128 

7000 

1 

To 

T 

2'286 

3-96106 

18-286 

IOOO 

100 

10 

i*6 

2-77274 

128 

700 

... 

... 

I 

1 -73296 

8 

437 -5 

... 

... 

'5770 

I’O 

4-6164 

252-458 

... 

... 

•2286 

■396106 

1-8286 

IOO 

... 

... 

•2083 

'36i033 

1-6667 

9i'i458 

1000 

100 

•16 

■277274 

1-28 

70-0 

... 

... 

•125 

-216620 

i"o 

54 '6875 

Too  do 

1000 

•016 

'027727 

-128 

7 

... 

... 

•0023 

•003961 

"01829 

I 

Carbonate  of  Sodium  of  2§°. — This  is  prepared  in  a precisely 
similar  manner,  the  quantity  of  the  pure  recently  ignited  carbonate 
being  265  grains  to  the  decigallon  of  water. 

Sulphuric  Acid  of  50. — Measure  into  a mixing  jar  100  septems 
of  carbonate  of  sodium  of  2}?,  and  add  about  six  drops  of  tincture  of 
litmus.  Fill  the  centigrade  alkalimeter  with  dilute  sulphuric  acid 
(1  part  strong  oil  of  vitriol  x 20  parts  water).  Neutralize  the  100 
septems  of  solution  of  carbonate  of  sodium,  at  a boiling  heat,  with 
the  acid  dropped  in  slowly  from  the  alkalimeter  till  the  colour 
changes  from  claret  red  to  pale  scarlet.  Towards  the  end  of  the 
operation,  after  every  addition  of  a drop  of  acid  and  agitation  of 
the  liquor,  a drop  of  it  is  to  be  taken  out  on  the  fine  point  of  a 
glass  rod  and  applied  to  a piece  of  blue  litmus  paper.  As  soon  as 
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the  alkali  is  perfectly  neutralized,  and  the  liquor  contains  the  least 
excess  of  acid,  the  litmus  paper  turns  red  where  touched  with  the 
wetted  glass  rod.  The  number  of  septems  of  the  diluted  acid  that 
are  required  to  neutralize  the  carbonate  of  sodium  shows  the 
number  of  septems  of  the  acid  that  contain  one-tenth  part  of  Jive 
test  atoms  of  sulphuric  acid,  or  that  quantity  which  will  form  ioo 
septems  of  solution  of  5°  The  experiment  must  be  repeated  with 
great  care,  in  order  to  be  quite  certain  what  the  number  is.  Sup- 
pose it  to  be  40  septems.  In  that  case  all  that  is  necessary  to  do 
to  produce  sulphuric  acid  of  50  is  to  put  40  measures  of  the 
diluted  acid  into  a test  mixer,  and  add  as  much  water  as  dilutes 
the  40  measures  to  100  measures. 


Imperial  Liquid  Measure, 
Divided  Decimally. 


Gallon 

Deci- 

gallons 

Centi- 

gallons 

Milli- 

gallons 

Septems 

Avoirdupois  weight 
of  Water  at  62°  F. 

[Grains 

Pounds 

1*0 

IO- 

IOO* 

IOOO* 

10000 ' 

70000* 

IO* 

*1 

I* 

10* 

IOO* 

IOOO* 

7000* 

I* 

*01 

*1 

I* 

IO* 

IOO* 

700* 

*1 

*OOI 

*OI 

*1 

I' 

10* 

70 ■ 

*OI 

*0001 

*OOI 

*01 

*1 

I* 

T 

*001 

1 Quart  . . =2500  Septems. 

1 Pint  . . =1250  Septems. 

1 Centimetre  Cube  = 2-2  Septems. 


1 Fluid  Ounce  = 62-5  Septems. 

1 Cubic  Inch  = 36-06543  Septems. 
1 Litre  . =2-2  Decigallons. 


Table  of  Test  Equivalents. 


Weight  of 
• 1 

Test  Atom 

Weight  of 
5 

Test  Atoms 

1.  Acetic  Acid  .... 

hc2i-i3o2 

60* 

300- 

2.  Hydrochloric  Acid  ’ . 

HC1 

36'5 

182-5 

3.  Nitric  Acid  .... 

hno3  . 

63' 

315' 

4.  Oxalic  Acid  .... 

hco2  .. 

45' 

225- 

5.  Do.  Crystallized  . 

IIC0oH20 

63' 

3*5' 

6.  Sulphuric  Acid 

hso2 

49' 

245' 

7.  Tartaric  Acid  (Cr.) 

iic2h2o3 

75' 

375' 

8.  Carbonic  Acid 

co2 

44' 

220* 

9.  Ammonia  .... 

nh3  . 

1 7' 

85- 

10.  Potash  Hydrate  . 

KHO  . 

56' 

280- 

11.  Soda  Hydrate 

NaHO  . 

40- 

200* 

12.  Lime  Hydrate 

CaHO  . 

37' 

185- 

13.  Potassium  Carbonate,  2^  atoms 

k2co,  . 

138- 

345' 

14.  Sodium  Carbonate,  atoms 

106  • 

265- 
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Oxalic  Acid  of  5°  — A test  atom  of  crystallized  oxalic  acid 
weighs  63  grains;  5 test  atoms  weighs  315  grains.  Take  315 
grains  of  clean  dry  crystals  of  pure  oxalic  acid,  and  dissolve  them 
in  a decigallon  of  water.  It  has  then  a strength  of  50,  conse- 
quently one  measure  of  it  will  neutralize  one  measure  of  carbonate 
of  sodium  of  2§°. 


Solutions  of  Five  Test  Atoms  in  a Decigallon. 


I 

Septem 

2 

Septs. 

3 

Septs. 

4 

Septs. 

5 

Septs. 

6 

Septs. 

7 

Septs. 

8 

Septs. 

„ 9 
Septs. 

I 

•3 

•6 

'9 

I *2 

1 '5 

i'8 

2*1 

2 '4 

27 

2 

•1825 

'365 

'5475 

73 

•9125 

i'°95 

I '2775 

146 

1 -6425 

3 

’3*5 

'63 

'945 

1 -26 

1 '575 

1 '89 

2-205 

2-52 

2-835 

4 

•225 

'45 

'675 

'9 

1 "126 

I-35 

1'575 

i-8 

2-025 

5 

■315 

'63 

'945 

1 -26 

1 '575 

1 ’89 

2-205 

2-52 

2-835 

6 

'245 

'49 

'735 

•98 

1-225 

1 '47 

i'7i5 

1-96 

2.205 

7 

•373 

'75 

1-125 

i'5 

*'875 

2-25 

2-625 

3' 

3 '375 

8 

*22 

'44 

•66 

•88 

11 

1-32 

1 '54 

1-76 

1-98 

9 

■085 

'17 

•255 

'34 

•425 

'51 

'595 

•68 

765 

10 

'28 

•56 

•84 

I ‘12 

1 '4 

i-68 

1-96 

2*24 

2-52 

II 

2* 

4' 

6- 

8‘ 

I* 

1*2 

1 '4 

i*6 

i-8 

12 

•185 

'37 

'555 

74 

'925 

I*II 

1-295 

1-48 

1-665 

13 

'345 

•69 

i'°35 

1-38 

i'725 

2 ’07 

2'4i5 

2-76 

3'io5 

14 

•265 

'53 

795 

1 '06 

1 '325 

1 '59 

i'855 

2*12 

2785 

The  standard  solution  of  carbonate  of  sodium  and  of  oxalic  acid 
may  be  considered  to  be  the  two  bases  of  the  entire  system  of 
tests,  because  other  alkaline  and  acid  solutions  are  prepared  and 
tested  by  means  of  these,  and  it  is  a matter  of  indifference  which 
of  these  solutions  be  taken  for  the  standard.  Dr.  Mohr  prefers 
oxalic  acid  ; Mr.  Griffin  prefers  carbonate  of  sodium. 

Preparation  of  Equivalent  Test  Liquors  ( a ) Alkalies  ; Deter- 
mination of  the  Chemical  Strength  of  Liquid  Ammonia. — Mix  4 
septems  of  the  ammonia  to  be  tested  with  100  septems  of  water 
and  6 drops  of  litmus  in  a wide-necked  white  glass  bottle.  Fill 
the  centigrade  test  tube  with  sulphuric  acid  of  50,  and  neutralize 
the  alkali  with  all  the  precautions  described  above.  Divide  the 
number  of  septems  of  sulphuric  acid  required  by  4,  and  then 
multiply  by  5.  The  product  is  the  chemical  strength  of  the 
ammonia  expressed  in  test  atoms. 

Example. — Suppose  the  4 septems  of  ammonia  to  require  96 
septems  of  acid  of  50,  then  96  -4-  4 = 24,  and  24  x 5 = 120, 
which  is  the  degree  of  the  strongest  commercial  ammonia,  the 
specific  gravity  of  which  is  found  thus  : — 

1000  — 120  = 880. 
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Having  thus  ascertained  the  degree  of  the  solution  of  ammonia,  its 
atomic  measure,  that  is,  the  quantity  of  it  which  contains  I test 
atom  of  an  hydrous  ammonia,  is  found  by  dividing  1000  by  the 
number  that  expresses  the  degree.  Suppose  this  to  be  120°,  then 
1000  120  = 833  = 41  -65  septems  of  the  strong  ammonia 

must  be  diluted  to  1000  septems.  It  is  then  a solution  of  50. 

Caustic  Potash  of  50  and  Caustic  Soda  of  50  are  prepared  in  the 
same  manner.  The  degree  having  been  found  by  experiment,  the 
atomic  measure  is  calculated,  and  dilutions  of  5 test  atoms  to 
1000  measures  is  effected  in  the  test  mixer. 

Acids. — Determination  of  the  Chemical  Strength  of  a Sample 
of  Nitric  Acid. — Into  a flask  of  the  capacity  of  3 or  4 ounces 
put  100  septems  of  water,  add  6 drops  of  solution  of  litmus,  then 
5 septems  of  the  acid  to  be  tested ; shake  the  mixture,  which 
will  have  a bright  red  colour.  Fill  the  centigrade  test  tube  with 
ammonia  of  io°  of  strength,  and  pour  drop  by  drop  into  the  acid, 
shaking  from  time  to  time.  When  the  brightened  colour  of  the 
acid  begins  to  appear  a little  fainter,  the  ammonia  must  be  added 
in  quantities  of  2 drops  at  a time.  At  last  the  red  colour  is 
suddenly  converted  to  blue,  at  which  point  the  acid  is  totally 
neutralized. 

Suppose  the  5 septems  of  nitric  acid  to  have  required  84 
septems  of  ammonia  of  io°,  then  we  have  these  calculations  : 

84  -4-  5 = 16-8  and  i6'8  x 10  = 168. 

Hence  the  nitric  acid  is  of  the  strength  of  168  atoms  per  decigallon, 
or  it  is  within  10  of  the  strongest  possible  at  62°  F.,  as  shown  by 
table. 

Preparation  of  Nitric  Acid  of  50. — Take  nitric  acid  of  any 
degree  of  strength,  and  test  its  degree  in  the  manner  just  described. 
Suppose  the  degree  be  found  to  be  165°,  the  atomic  measure  is 
found  by  dividing  1,000  by  this  number.  Thus  1,000  4-  165  = 6'o6. 
Hence  5 x 6-o6 ; say  3o|  septems  of  the  strong  acid  diluted  with 
water  in  the  test  mixer  till  it  forms  1,000  septems,  produces  nitric 
acid  of  50. 

To  Prepare  Nitric  Acid  of  5° — Take  ten  times  6'o6  = 6o§, 
and  dilute  to  1,000  septems. 

Hydrochloric  Acids  of  5°  and  io°  are  prepared  in  exactly  the 
same  manner. 

One  test  acid  is  sufficient  for  testing  all  the  alkalies,  and  Mr. 
Griffin  prefers  sulphuric  acid  of  50,  though  acids  of  io°,  20°,  30°, 
may  sometimes  be  required.  The  standard  alkali  may  be  either 
ammonia  or  caustic  potash.  A solution  of  ammonia  of  50  can  be 
kept  a considerable  time  in  a cool  place  without  much  alteration, 
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but  caustic  potasb  has  the  advantage  of  not  suffering  loss  of 
strength  by  volatilization. 

When  the  standard  test  solutions  are  in  good  order,  the  analysis 
of  acids  and  alkalis  can  be  effected  with  very  small  quantities  of 
liquor;  5 septems  of  a strong  solution,  or  10  septems  of  a weak 
solution,  is  commonly  enough  to  operate  upon.  The  best  plan  for 
general  procedure  is  to  begin  with  5 septems  and  neutralize  it 
rapidly ; a rough  estimate  is  thus  got  of  the  strength  of  the  liquor, 
after  which  the  experiment  must  be  repeated  carefully  with  5 or 
10  septems. 

Testing  of  Impure  Carbonate  of  Sodium. — The  carbonate  of 
sodium  of  commerce  contains  water  and  neutral  salts.  The  object 
of  the  analysis  is  to  find  out  how  much  carbonate  of  sodium  it 
contains.  Weigh  out  atoms  (25  grains)  and  make  with  it  a 
decigallon  of  solution  ; then  measure  off  100  septems,  and  test  it 
with  sulphuric  acid  of  50  in  the  manner  described  above.  The 
number  of  septems  of  test  acid  used  shows  the  percentage  of 
pure  carbonate  of  sodium  contained  in  the  impure  sample. 

Testing  of  Vinegar. — Take  50  septems  of  the  vinegar,  dilute 
with  an  equal  bulk  of  pure  water,  add  a few  drops  of  litmus,  and 
neutralize  with  test  alkali  of  5°.  Observe  the  number  of  septems 
required,  and  divide  that  number  by  50  and  multiply  it  by  5,  or 
what  comes  to  the  same  thing,  divide  it  by  10  : the  product  is  the 
degree  of  the  vinegar.  Suppose  the  number  of  septems  to  be  50, 
then  50-^50=1,  and  1x5  = 5,30  also  50-^10  = 5,  which  is  the 
strength  of  the  vinegar  in  test  atoms  per  decigallon. 

AIiQUIFOUX  ( Arquifois,  Potter’s  Ore,  Galena,  Sulphuret 
of  X.ead). — Alquifoux  is  a combination  of  sulphur  and  lead,  which 
is  used  by  potters  to  give  a green  varnish  or  enamel  to  pottery,  on 
which  account  it  is  sometimes  called  potter's  ore.  it  may  be 
analyzed  the  same  way  as  Galena.  See  Lead. 

Aliirirc. — The  substance  known  as  common  alum  is  a double 
sulphate  of  aluminum  and  potassium;  but  all  alums  do  not  con- 
tain either  aluminum  or  potassium.  The  word  alum  means  in 
chemical  language  a combination  of  sulphate  of  potassium  with 
sesquisulphate  of  aluminum,  but  the  sulphate  of  potassium  may 
be  replaced  by  sulphate  of  sodium,  or  by  sulphate  of  ammonium, 
and  the  sesquisulphate  of  aluminum  may  be  replaced  by  sesqui- 
sulpbate  of  iron,  or  of  chromium  or  of  manganese ; but  all  alums 
contain  the  same  number  of  atoms  of  water  of  crystallization,  and 
they  all  crystallize  in  cubes  or  octoliedrons. 

The  most  important  of  the  alums,  in  a technical  point  of  view, 
is  the  potash-alum  (common  alum),  or  double  sulphate  of  alu- 
minum and  potassium,  very  large  quantities  of  which  are  manu- 
factured, both  in  this  country  and  abroad,  for  various  processes  in 
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the  arts.  It  is  extensively  used  for  dyeing,  as  a mordant,  in  the 
manufacture  of  paper,  of  candles,  of  crayons,  and  a variety  of  other 
purposes. 

The  Roman  alum  has  generally  a reddish  colour,  due  to  the 
presence  of  peroxide  of  iron,  which,  however,  being  insoluble,  does 
not  interfere  with  its  use  in  dyeinsr. 

Most  of  the  alum  used  in  England  is  extracted  from  aluminous 
schistus,  containing  sulphuret  of  iron  and  some  bituminous  matter. 
By  exposure  to  the  air  the  sulphuret  of  iron  becomes  converted 
into  sulphate  of  iron,  and  into  sulphuric  acid,  the  consequence  of 
which  is,  that  the  alum  prepared  from  such  materials  retains 
traces  of  sulphate  of  iron,  which  render  it  unfit  for  certain  dyeing 
operations.  Even  so  small  a trace  as  0-005  interferes  with  the 
brightness  of  several  colours. 

The  presence  of  iron  is  detected  by  dissolving  a portion  of  the 
alum,  and  testing  the  solution  with  tincture  of  galls,  which  will 
then  impart  a black  tinge  to  the  liquor.  Iron  may  be  detected 
also  by  adding  a large  excess  of  caustic  potash  to  the  solution, 
and  boiling  the  whole  ; the  peroxide  of  iron  will  then  fall  down 
in  the  form  of  an  insoluble  reddish-brown  precipitate. 

It  should  be  observed,  that  at  first  the  addition  of  potash  to  the 
solution  produces  a bulky  precipitate,  because  both  the  alumina  and 
the  peroxide  of  iron  are  thrown  down  ; but  if  a sufficient  quantity 
of  solution  of  caustic  potash  be  added,  and  the  whole  be  boiled,  the 
alumina  is  redissolved,  and  the  insoluble  portion  ultimately  con- 
sists of  peroxide  of  iron  only,  which  should  be  collected  and 
thoroughly  washed  on  a filter;  after  which,  if  the  proportion 
obtained  admits  of  it,  it  may  be  ignited  and  weighed,  if  need  be, 
though  for  greater  accuracy  it  is  best  to  redissolve  in  muriatic  acid 
the  peroxide  of  iron  collected  on  the  filter,  and  to  reprecrpitate  it 
by  adding  ammonia,  which  will  then  throw  down  the  peroxide  of 
iron  only. 

Lastly ; the  presence  of  iron  may  be  detected  in  the  solution, 
by  testing  with  solution  of  ferrocyanuret  of  potassium  (prussiate 
of  potash),  which,  in  that  case,  will  strike  a blue  precipitate  (Prus- 
sian blue). 

Pure  alum  is  completely  soluble  in  water,  but  in  different  pro- 
portions according  to  the  temperature. 

According  to  Poggiale  : — 
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A concentrated  solution  of  alum  in  boiling  water  deposits  octa- 
hedral crystals  on  cooling,  and  if  these  crystals  are  then  redissolved 
in  water  at  from  104°  to  120°  Fahr.,  adding  potash  until  the  pre- 
cipitate at  first  produced  by  this  reagent  is  no  longer  redissolved, 
by  filtering  and  crystallising  the  filtered  liquor  at  a gentle  heat, 
alum  is  obtained  in  cubes  free  from  iron  and  perfectly  pure. 

AMALGAMATED  SIIVSR.  See  GERMAN  SILVER. 

amber  (Succin). — It  is  now  generally  admitted  that  amber 
is  a fossil  substance  of  vegetable  origin,  formerly  in  the  state  of  a 
balsam  or  resin,  dissolved  in  a natural  volatile  oil,  and  similar  to 
the  resins  which  exude  from  several  of  our  trees. 

Amber,  as  found  in  nature,  is  in  translucid  lumps,  sometimes 
colourless,  but  more  generally  of  a light  yellow,  and  occasionally 
of  a dark  brown  or  of  a milk-white  colour,  and  opaque.  It  is 
harder  than  all  other  resins,  and  is  capable  of  receiving  a fine 
polish,  on  which  account  it  is  often  employed  for  ornamental 
purposes. 

When  amber  is  in  small  fragments,  which  is  most  generally 
the  case,  especially  with  that  which  is  employed  for  making 
varnish,  and  for  preparing  succinic  acid,  it  is  often  adulterated  or 
mixed  with  small  pieces  of  resin,  copal,  or  anime.  This  admix- 
ture, however,  may  be  recognised  by  a careful  examination  of  the 
article,  because  the  pieces  of  resin  copal,  and  of  resin  anime,  have 
a different  appearance  and  fracture.  The  suspected  pieces  should 
be  selected  out,  and  if  they  be  thrown  upon  red-hot  iron  it  will 
be  observed  that  they  will  not  emit  the  peculiar  odour  of  amber, 
whilst,  on  the  other  hand,  the  resin  will  fuse  and  fall  into  drops, 
which  is  not  the  case  with  amber. 

AMBER- GREASE  (Ambergis,  Grey  Amber). — Ambergris 
is  a solid,  opaque,  uneven,  fatty,  and  inflammable  mass,  of  a light 
grey  colour,  of  a darker  hue  externally  than  internally,  variegated 
with  yellow  or  reddish  streaks. 

Ambergris  softens  like  wax  by  the  heat  of  the  hand,  and  emits 
a slight  but  agreeable  odour  when  heated.  Ambergris  has 
scarcely  any  other  use  than  in  perfumery. 

It  is  now  generally  admitted  that  this  substance  is  a morbid 
concretion,  analogous  to  the  biliary  calculi,  formed  in  the  stomach 
or  intestines  of  the  spermaceti-whale.  Its  composition  is  very 
simple  ; it  consists  almost  entirely  of  a non-snponificeable  grease 
analagous  to  cholesterine,  and  mixed  with  a portion  of  the  excre- 
ments of  the  animal. 

Great  care  is  requisite  in  purchasing  this  substance,  because 
it  is  easily  imitated  by  a mixture  of  several  gums  and  other  drugs. 
The  criterion  of  genuine  ambergris  is,  that  it  may  be  easily  per- 
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forated  by  a heated  needle,  and  on  withdrawing  it,  not  only  should 
the  odour  of  ambergris  be  immediately  evolved,  but  the  needle 
should  come  out  clean  without  anything  whatever  adhering  to  it. 

Ambergris  should  be  chosen  in  large  pieces,  externally  of  a 
uniform  grey  colour,  internally  of  a lighter  shade  of  grey  with 
little  black  specks,  and  of  an  agreeable  odour. 

The  specific  gravity  of  ambergris  is  from  0-908  to  0-92.  The 
analysis  of  ambergris  gives  the  following  results  : — 

Peculiar  grease  (ambreine)  . . . .85’ 

Balsamic  matter,  of  a sweet  acidulous  taste, 
soluble  in  alcohol  and  in  water,  probably  con- 
taining benzoic  acid  .....  2-5 

Matter  soluble  in  water,  benzoic  acid,  and  chlo- 

ide  of  sodium  . . . . . . 1-5 

AMMONIA  (Spirits  of  Hartshorn,  Volatile  Alkali,  li- 
quor Ammoniae). — Ammonia  is  a colourless  gas,  permanently 
elastic,  at  ordinary  temperatures,  very  soluble  in  water.  The  usual 
state  in  which  it  is  employed  is  in  aqueous  solution,  which,  when 
saturated,  has  a specific  gravity  of  0-875.  One  of  the  ways  of 
ascertaining  the  quantity  of  real  ammonia  contained  in  the  aqueous 
solution  is  by  taking  its  specific  gravity,  either  by  means  of  the 
hydrometer  or  of  the  specific  gravity  bottle. 

The  following  tables  have  been  constructed,  showing  the 
amount  of  real  ammonia  contained  in  aqueous  ammonia  of  different 
densities : — 
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Strength  of  Solutions  of  Ammonia  at  570  F. — (Carius.) 
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The  real  quantity  of  ammonia  contained  in  its  solutions  can 
also  be  ascertained  by  its  saturating  power,  in  the  manner  de- 
scribed in  the  article  on  Alkalimetry. 

Pure  solution  of  ammonia  should  he  as  limpid  as  water  ; if  it 
have  the  slightest  brownish  hue  it  is  a sign  of  the  presence  of 
organic  substances.  The  solution  of  pure  ammonia  should  also 
evaporate  entirely  when  heated,  though  ordinarily  a small  car- 
bonaceous residue  is  left ; but  it  should  always  be  very  slight. 

The  presence  of  the  empyreumatic  oil  by  which  the  aqueous 
solution  of  ammonia  is  often  contaminated,  may  generally  be 
detected  by  the  odour,  which  may  be  immediately  rendered  per- 
ceptible by  rubbing  a little  of  the  ammonia  in  the  palm  of  the 
hand,  and  when  evaporated,  the  film  of  empyreumatic  oil  which 
remains  in  the  hand  evolves  the  characteristic  odour. 

If  the  proportion  of  empyreumatic  oil,  or  of  organic  matter,  is 
at  all  considerable,  its  presence  may  also  be  detected  by  adding  a 
large  excess  of  concentrated  sulphuric  acid,  which  should  be 
poured  in  the  ammonia  with  great  caution,  and  only  one  drop  at 
a time.  The  acid,  by  charring  the  organic  matter,  imparts  a black 
hue  to  the  liquor. 

The  liquor  ammonite  of  commerce  contains  sometimes  sal 
ammoniac , sulphate  of  ammonium,  carbonate  of  ammonium,  chloride 
of  calcium,  and  sometimes  also  traces  of  protoxide  of  copper,  or  of 
peroxide  of  tin,  which  may  interfere  with  certain  delicate  opera- 
tions. These  impurities  may  be  detected  as  follows  : — 

A certain  quantity  of  the  ammonia  under  examination  should 
be  first  supersaturated  with  pure  nitric  acid,  and  a portion  thereof 
is  then  tested  by  nitrate  of  silver.  If  a white  precipitate  is  thereby 
produced,  which  immediately  disappears  on  supersaturating  it  with 
ammonia,  it  is  chloride  of  silver,  and  is  a sign  that  the  ammonia 
is  contaminated  by  sal  ammoniac. 


28 


AMMONIUM  CAEBONATE. 


If  to  another  portion  of  the  ammonia,  supersaturated  by  pure 
nitric  acid,  an  addition  of  solution  of  nitrate  of  barium  produce 
a white  precipitate,  it  is  sulphate  of  barium  ; and,  consequently, 
sulphuric  acid  or  a soluble  sulphate  is  present. 

If  a solution  of  ammonium  contain  carbonate  of  ammonium , 
which  is  always  the  case  when  it  has  been  kept  for  some  time  in 
bottles  not  carefully  stoppered,  it  is  detected  by  pouring  into  it  a 
solution  of  chloride  of  calcium,  or  of  barium,  or  else  lime-water, 
in  which  case  a turbidness  or  a precipitate  will  be  produced, 
owing  to  the  formation  of  carbonate  of  calcium  or  of  barium.  If 
chloride  of  barium  be  used,  it  is  of  course  necessary  to  ascertain 
that  sulphuric  acid  is  absent  before  the  operator  can  conclude  that 
carbonate  of  ammonium  is  present. 

If  the  ammonia  under  examination  contain  any  chloride  of 
calcium,  the  addition  of  a solution  of  oxalic  acid  will  render  it 
turbid,  or  even  produce  a precipitate  if  the  quantity  of  lime  is  at 
all  large.  Moreover,  if  a portion  of  the  liquor  of  ammonia  be 
evaporated,  a residue  will  then  be  left.  Pure  ammonia  is  not 
rendered  turbid  by  oxalic  acid. 

Traces  of  oxide  of  copper  are  at  once  detected  by  the  blue 
colour  of  the  ammonia  liquor;  if,  however,  the  quantity  of  copper 
is  too  small  to  impart  a blue  colour  to  the  liquor,  its  presence  may 
be  rendered  apparent  by  adding  hydrosulphuret  of  ammonia,  which 
will  then  produce  a black  precipitate  of  sulphuret  of  copper. 

Impure  ammonia  can  always  be  purified  by  re-distilling  it 
slowly. 

AnHWEONTUIVI  CARBOTTATE  (Carbonate  of  Ammonia, 
Sesquicarbonate  of  Ammonia,  Smelling-salts). — The  sesqui- 
carbonate  of  ammonium  of  commerce  often  contains  sal  ammoniac 
( chloride  of  ammonium ),  sulphate  of  ammonium,  some  organic 
matter,  and  also  sometimes  traces  of  carbonate  of  lead , or  a salt  of 
calcium. 

These  impurities  are  detected  as  follows  : — 

Pure  sesquicarbonate  of  ammonium,  being  heated  in  a platinum 
crucible,  should  evaporate  without  residuum.  If  a carbonaceous 
residue  is  left,  it  is  owing  to  the  presence  of  organic  matter ; if 
it  is  fixed,  it  may  be  carbonate  of  lead,  or  a salt  of  calcium,  which 
are  distinguished  from  eacli  other  by  moistening  the  residue  with 
hydrosulphuret  of  ammonia,  by  which  it  will  be  blackened  if  lead 
is  present ; whilst  it  will  undergo  no  change  of  colour  if  it  con- 
sists of  lime.  Moreover,  if  the  ammoniacal  salt  contain  car- 
bonate of  lead,  the  latter  substance  will  remain  in  an  insoluble 
state  in  treating  the  salt  with  water. 

If  sal  ammoniac,  or  any  other  chloride  be  present,  the  sesqui- 
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earbonate  of  ammonium  under  examination  should  be  dissolved  in 
water,  and  the  solution,  being  tested  by  nitrate  of  silver,  will 
then  produce  a white  turbidness  or  precipitate,  according  to  the 
amount  of  the  chloride  present. 

If  sesquicarbonate  of  ammonium  be  contaminated  by  sulphate  of 
ammonium,  an  addition  of  nitrate  of  barium  to  the  aqueous  solu- 
tion of  the  salt  previously  supersaturated  with  nitric  acid,  will 
produce  a precipitate  of  sulphate  of  barium. 

As  these  impurities  exist  generally  in  exceedingly  small  quan- 
tities only,  their  amount  is  best  estimated  by  means  of  test- 
liquors  of  nitrate  of  silver,  or  of  barium,  of  a known  strength. 
The  analytical  process  is  then  managed  exactly  as  was  described 
in  the  article  on  alkalimetry. 

When  sesquicarbonate  of  ammonium  is  contaminated  by  empy- 
reumatic  oil,  it  leaves  a small  carbonaceous  residuum  after  igni- 
tion, and  its  solution  in  dilute  acid  is  brown  or  even  black. 

As  sesquicarbonate  of  ammonium,  when  left  exposed  to  the 
air,  becomes  gradually  converted  into  bicarbonate  of  ammonium, 
a little  of  the  latter  salt  is  always  present. 

Pure  sesquicarbonate  of  ammonium  is  translucid  and  colourless. 

AMMONIUIM  CHLORIDE  (Sal  Ammoniac,  Muriate  of 
Ammonia,  Hydrochlorate  of  Ammonia,  Chloride  of  Am- 
monium).— Sal  ammoniac  is  met  with  in  commerce  in  the  shape 
of  colourless,  translucent  cakes,  concave  on  one  side,  and  convex  on 
the  other;  or  in  conical,  crystalline,  and  white  masses,  hard  and 
somewhat  elastic,  and,  consequently,  difficult  to  pulverize ; this 
salt  is  inodorous,  but  has  a bitter  and  acrid  taste.  When  pure,  it 
crystallizes  from  its  solution  in  octahedral,  cubic,  and  plumose 
crystals.  Its  specific  gravity  is  1-45.  It  is  inalterable,  or  very 
slightly  deliquescent  ftithe  air;  soluble  in  three  parts  of  cold,  and 
in  about  its  own  weight  of  boiling  water;  it  is  completely  soluble 
in  alcohol.  In  dissolving  in  water  it  produces  cold ; it  is  fused 
and  volatilized  without  decomposition  by  heat. 

Sal  ammoniac  generally  contains  but  few  impurities,  which 
consist  principally  of  a little  sulphate  of  ammonium,  chlonde  of 
sodium  (common  salt),  sidpliate  of  sodium,  and  sulphate  of  mayne- 
sium.  Sometimes,  also,  it  contains  some  iron  or  lead  ■ the  first 
substance  is  derived  from  the  volatilization  of  a little  chloride  of 
iron,  with  which  it  combines  to  form  a double  chloride  of  iron 
and  of  ammonium.  The  second  substance  (the  lead)  comes  from 
the  contact  of  the  cake  of  sal  ammoniac  with  the  lead  dome  or 
cover,  against  the  sides  of  which  it  gradually  condenses. 

Sulphate  of  ammonium  is  detected  by  dissolving  a portion  of 
the  sal  ammoniac  in  pure  water,  and  testing  the  solution  with  one 
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of  chloride  of  barium,  which,  if  sulphate  of  ammonium,  or  any 
other  soluble  sulphate  be  present,  will  produce  a white  precipitate 
of  sulphate  of  barium. 

The  other  impurities  are  easily  detected,  because  they  are 
fixed,  and  therefore,  by  heating  a portion  of  the  sal  ammoniac 
to  redness  in  a platinum  crucible,  the  impurities  will  be  left 
behind. 

If  it  were  desired  to  identify  the  presence  of  iron  and  of 
lead,  it  may  be  done  by  dissolving  a portion  of  the  sal  ammoniac 
in  water,  and  dividing  it  into  two  portions,  to  one  of  which  a little 
nitric  acid  is  first  added  ; and  if  by  pouring  a drop  or  two  of  fer- 
rocyanide  of  potassium,  a blue  precipitate  is  produced,  it  indicates 
the  presence  of  iron.  The  presence  of  lead  is  detected  by  passing 
a current  of  sulphuretted  hydrogen  through  the  second  portion, 
which  produces  a black  precipitate  of  sulphuret  of  lead. 

The  aqueous  solution  of  pure  sal  ammoniac  should  have  no 
action  whatever  upon  test-papers ; it  should  not  be  precipitated  or 
discoloured  by  either  sulphuretted  hydrogen  or  hydrosulphuret  of 
ammonia,  nor  by  a solution  of  phosphate  of  sodium  and  ammonium. 
It  should  completely  volatilize  by  ignition,  and  if  before  the  com- 
plete volatilization  of  the  salt  an  abundant  residuum  of  charcoal 
be  observed,  it  is  a proof  of  the  presence  of  organic  matter. 

ANNOTTO  ( Annatto,  Arnotto,  Rocou). — Annotto  is  a 
colouring  matter  of  a pasty  consistence,  used  for  dyeing  silk  and 
wool,  in  the  preparation  of  certain  varnishes,  &c.  It  is  prepared 
by  macerating  the  pods  of  the  Bixa  orellana  in  boiling  water, 
allowing  the  matter  to  subside,  pouring  the  water  off,  and  drying 
it  in  the  shade.  The  colouring  matter  is  sometimes  mixed  with 
oil  before  drying. 

Annotto  is  met  with  in  commerce  in  cakes  and  in  rolls,  hence 
the  name  of  flag  and  of  cake  annotto,  by  which  these  two  varieties 
are  distinguished. 

Cake  annotto  comes  almost  exclusively  from  Cayenne.  It 
should  be  of  a bright  yellow  colour,  somewhat  firm  and  soft  to  the 
touch. 

Roll  annotto  comes  from  the  Brazils,  and  is  hard  and  dry, 
brown  outside  and  red  within ; it  is  this  species  which  is  daily 
employed  in  England  for  imparting  colour  to  cheese,  in  the  propor- 
tion, it  is  said,  of  about  I ounce  of  annotto  for  i cwt.  of  curds.  This 
admixture  of  annotto  to  cheese  is  in  no  way  detrimental  to  health, 
provided  the  drug  is  pure,  but  unfortunately  it  is  sometimes 
adulterated  with  red  lead,  or  with  both  red  lead  and  ochre.  The 
use  of  such  annotto  is  very  injurious,  and  serious  accidents  have 
been  caused  thereby.  ( See  Cheese.) 
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The  best  way  of  detecting  the  presence  of  lead  in  annotto  is 
to  heat  a portion  upon  charcoal  in  the  reducing  flame  of  the  blow- 
pipe, by  which  means  a bead  of  metallic  lead  may  be  obtained. 
The  proportion  of  ochre  present  can  be  determined  with  sufficient 
accuracy  by  incinerating  a given  weight  of  the  sample,  washing 
•the  residuum  with  water,  drying,  and  weighing. 

The  composition  of  annotto  is — 

Annotto  mixed  with  colouring  matter  . . 28 

Coloured  extract  ......  20 

Gum  ........  26 

Woody  fibre,  mixed  with  an  acid  and  an  aro- 
matic substance  ......  20 

94 

ANTIMONY. — This  is  a brittle  metal,  which  is  . easily 
oxidized  by  nitric  acid,  but  not  dissolved  by  it,  all  the  degrees  of 
oxidation  of  the  metal  being  insoluble  in  nitric  acid.  The  best 
solvent  of  antimony  is  aqua  regia,  which  dissolves  it  completely 
with  the  aid  of  heat ; but  when  it  contains  much  lead,  the  solution 
deposits  spangles. 

Commercial  antimony  commonly  contains  arsenic,  iron,  and 
often  small  quantities  of  copper  and  lead. 

Detection  of  Arsenic  in  Antimony. — One  of  the  best  methods 
consists  in  pulverizing  the  suspected  metal,  mixing  it  with  about  its 
own  weight  of  tartrate  of  potassium,  and  submitting  the  mixture 
to  a red  heat  in  a covered  crucible  for  about  three  hours.  When 
cold,  the  crucible  must  be  broken,  and  the  metallic  button 
is  put  in  a bottle  provided  with  a 
cork  fitting  air-tight,  perforated  with 
two  holes,  into  one  of  which  a small 
funnel  is  fitted  ; the  second  hole  has  a 
tube  with  a bulb,  and  is  drawn  to  a 
point  at  a.  Water  is  then  poured  into 
the  bottle  through  the  funnel,  when  a 
disengagement  of  hydrogen  takes  place, 
because  the  alloy  in  the  bottle  decom- 
poses the  water.  If  the  antimony 
contained  no  arsenic,  the  hydrogen  dis- 
engaged is  pure ; but  if  the  least  trace  of 
arsenic  is  present,  the  hydrogen  escap- 
ing at  a has  a characteristic  aliaceous  odour;  the  arsenic  may  be 
rendered  visible  by  inflaming  the  gas  at  the  point  of  the  drawn 
tube  a and  depressing  the  flame  with  a china  plate,  or  a piece  of 
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mica ; spots  of  metallic  arsenic  will  be  observed  thereon,  which 
should  be  completely  soluble  in  a solution  of  chloride  of  lime. 
The  disengagement  of  the  gas  should  take  place  under  the  hood 
of  a chimney  with  a good  draught,  or  in  the  open  air,  but  not 
in  the  laboratory  or  room,  arseniuretted  hydrogen  being  an  exceed- 
ingly poisonous  gas. 

Lead,  if  the  antimony  under  examination  contain  any,  may  be 
easily  detected  by  treating  a given  quantity  of  the  metal,  previously 
pulverized,  by  a sufficient  quantity  of  hot  nitric  acid,  which 
dissolves  the  lead,  but  leaves  the  antimony  in  a state  of  a white 
powder,  which  is  sesquioxide  of  antimony.  The  supernatant 
liquor  should  then  be  carefully  decanted,  and  the  residuum  being 
washed,  dried,  and  ignited,  may  then  be  weighed.  The  filtered 
liquor  which  contains  the  lead  in  the  state  of  nitrate,  may  next  be 
evaporated  to  dryness ; the  dry  residuum,  being  redissolved  in  water, 
must  now  be  converted  into  sulphate  of  lead  by  pouring  a solution 
of  sulphate  of  sodium  into  the  liquor.  The  white  precipitate  of 
sulphate  of  lead,  being  washed,  dried,  and  ignited  (without  the 
filter)  in  a thin  porcelain  crucible,  is  then  weighed — 152  of 
sulphate  of  lead  contain  104  of  lead;  or  each  grain  of  sulphate  of 
lead  contains  cr68287  of  lead. 

The  presence  of  iroti  in  antimony  is  detected  by  finely  pul- 
verizing a small  portion  of  the  metal,  and  then  treating  it  by  aqua 
regia,  which  will  dissolve  the  whole.  The  solution  is  then 
diluted  with  a large  quantity  of  water,  which  will  precipitate 
nearly  all  the  antimony  in  the  shape  of  a bulky  white  precipitate, 

which  is  a basic  chloride  of 
antimony,  that  is,  a compound 
of  oxide  and  of  chloride  of 
antimony.  The  liquor  is  then 
filtered  in  order  to  separate  the 
precipitate,  and  a current  of 
sulphuretted  hydrogen  is  then 
passed  through  the  filtrate  in 
order  to  precipitate,  assulphuret 
of  antimony,  the  last  portions 
of  antimony  which  are  con- 
tained in  the  clear  filtrate  in 
the  state  of  acid  chloride  of 
that  metal.  The  sulphuret  of 
antimony  thus  produced  should 
be  separated  by  filtering;  the  filtrate  should  be  boiled  until  all 
odour  of  sulphuretted  hydrogen  has  escaped ; after  which  the 
presence  of  iron  may  be  detected  therein  by  means  of  a solution 
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of  feiTocyanicle  of  potassium,  -which  will  produce  a blue  pre- 
cipitate, or  by  supersaturating  it  with  ammonia,  and  then  adding 
hydrosulphuret  of  ammonia,  which  will  produce  a black  precipitate, 
if  iron  be  present.  Tincture  of  galls  may  also  be  used  as  a test  for 
iron,  but  the  free  acid  should  first  be  neutralized  by  ammonia  or 
some  other  alkali. 

The  presence  of  sulphur  may  be  detected  by  testing  the 
solution  in  aqua  regia,  by  a solution  of  chloride  of  barium,  or  of 
nitrate  of  barium,  which  will  produce  a white  precipitate  of 
sulphate  of  barium,  insoluble  in  water  and  in  acids.  If  the  pro- 
portion of  sulphur  be  considerable,  it  agglomerates  in  yellow 
lumps  whilst  boiling  the  metal  in  aqua  regia.  These  yellow 
lumps  may  be  readily  identified  as  sulphur,  by  inflaming  them 
upon  a strip  of  platinum,  when  they  will  burn  with  a blue  flame, 
and  with  the  characteristic  odour  of  sulphurous  acid  (the  odour  of 
burning  brimstone). 

Alloys  of  Antimony  and  Tin. — The  separation  of  these 
metals  (which,  as  the  alloy  is  employed  in  the  manufacture  of  a 
great  number  of  utensils,  may  be  sometimes  required)  is  attended 
with  difficulty. 

The  following  method  was  proposed  by  Hose  : — Strong  nitric 
acid  is  cautiously  poured  upon  the  alloy,  and  when  the  violent 
action  has  ceased  the  whole  is  evaporated  at  a gentle  heat,  and 
the  dry  powder  of  the  oxides  fused  in  a silver  crucible  over  an 
argand  lamp,  with  an  excess  of  hydrate  of  soda.  The  fused  mass 
is  softened  with  a large  quantity  of  water,  gently  warmed,  and  the 
antimoniate  of  sodium  allowed  to  subside.  When  perfectly  cold, 
the  clear  solution  is  passed  through  a filter  ; if  this  be  done  while 
it  is  still  w’arm,  the  solution  will  contain  some  antimoniate  of 
sodium.  The  insoluble  salt  is  again  treated  once  or  twice  with 
water,  allowed  to  settle  and  cool,  and  the  liquid,  when  perfectly 
clear,  passed  through  the  filter.  When  the  whole  of  the  stannate 
of  sodium  has  been  dissolved  in  this  manner,  the  liquid,  wffiich  has 
been  warmed  with  the  antimoniate  of  sodium,  remains  opalescent; 
it  must  not  be  poured  on  the  filter,  as  it  would  pass  through 
turbid.  A small  quantity  of  a dilute  solution  of  carbonate  of 
sodium  may  bo  added  to  it,  which  renders  it  clear;  but  the 
edulcoration  must  not  be  continued  for  any  length  of  time,  as 
otherwise  some  an  timoniate  would  be  dissolved. 

The  moist  antimoniate  of  sodium  is  now  treated  in  a beaker 
with  a mixturo  of  hydrochloric  and  tartaric  acids,  in  which  it 
readily  dissolves ; and  the  filter,  on  which  mere  traces  of  the  salt 
should  have  collected,  is  washed  with  the  same  mixturo.  Tho 
antimony  is  then  precipitated  from  the  solution  by  sulphuretted 
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hydrogen,  and  the  amount  of  antimony  estimated  from  the 
quantity  of  sulphide  obtained.  The  sulphide  of  antimony  is 
reduced  by  hydrogen  in  a porcelain  crucible,  through  the  lid  of 
•which  a thin  porcelain  tube  passes.  A gentle  heat  is  carefully 
applied,  until  the  crucible  no  longer  decreases  in  weight.  After 
the  reduction  the  inner  side  of  the  lid  is  coated  with  metallic 
antimony,  which,  however,  in  no  way  interferes  with  the 
accuracy  of  the  experiment. 

The  solution  of  stannate  of  sodium  is  acidified  with  hydro- 
chloric acid.  It  is  not  necessary  to  add  so  much  acid  that  the 
whole  of  the  eliminated  oxide  of  tin  is  again  redissolved ; it  is 
merely  necessary  that  the  solution  should  strongly  redden  blue 
litmus  paper.  Upon  this  sulphuretted  hydrogen  is  passed  into  it. 
The  sulphide  of  tin  is  converted  by  roasting  into  oxide  of  tin. 
When  it  has  been  dried  it  frequently  decrepitates,  by  which,  if 
care  be  not  taken,  a very  considerable  loss  may  be  occasioned.  It 
is  on  this  account  preferred  to  place  it  with  the  filter,  while  still 
moist,  in  a porcelain  crucible,  and  to  heat  it  for  a long  time  very 
gently,  and  with  access  of  air,  in  order  to  expel  the  sulphur  at  the 
lowest  possible  temperature.  If  a strong  heat  be  given  at  the 
'commencement,  white  fumes  of  oxide  escape,  especially  when  the 
air  has  free  access.  The  higher  oxide  of  tin  has  the  property  of 
subliming  somewhat  at  certain  temperatures ; the  vapours  are 
oxidized  by  contact  with  the  air,  and  from  oxide  of  tin.  This  is 
also  the  cause  of  a white  sediment  of  oxide  of  tin  being  formed 
upon  the  charcoal  when  sulphide  of  tin  is  heated  on  charcoal 
before  the  blowpipe.  A strong  heat  should  not  be  applied  until 
•there  is  no  longer  a perceptible  odour  of  sulphurous  acid.  After 
eing  strongly  ignited,  a piece  of  carbonate  of  ammonium  is  placed 
in  the  crucible,  and  after  its  volatilization  a strong  heat  applied, 
with  access  of  air,  in  order  to  expel  the  whole  of  the  sulphuric 
acid  formed ; a small  decrease  of  weight  will  be  perceived.  The 
results  do  not  attain  the  highest  degree  of  accuracy. 

Tookey  finds  the  process  of  reduction  by  metallic  iron  to 
^answer  perfectly.  The  hydrochloric  solution  of  the  two  metals  is 
digested  at  a gentle  heat  with  pure  thin  sheet  iron,  until  the 
whole  of  the  iron  is  dissolved, ; a considerable  quantity  of  cold 
water  is  then  added,  the  antimony  is  collected  on  a weighed 
filter,  washed,  and  dried  ; it  should  then  be  purified  from  traces 
of  iron  by  digesting  with  cold  dilute  hydrochloric  acid,  dried  in 
the  water-oven,  and  weighed  in  the  form  of  a grey  powder.  The 
tin  is  precipitated  from  the  filtrate  by  sulphuretted  hydrogen,  the 
protosulphide  of  tin  dried,  and  converted  into  binoxide  by  careful 
ignition. 
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Alloys  of  Antimony,  Tin,  and  Ziead. — Tookey  avails  him- 
self of  the  volatility  of  the  chlorides  of  tin  and  antimony,  and  the 
fixity  of  chloride  of  lead,  to  effect  a separation  of  the  metals  in 
this  alloy.  For  this  purpose  io  grains  are  introduced  into  a bulb 
expanded  in  the  middle  of  a piece  of  hard  combustion-tube, 
having  ingress  and  egress  tubes  bent  at  angles  of  45  degrees,  hut 
in  opposite  directions,  one  pointing  upwards  for  introducing  the 
alloy,  and  the  other  downwards  for  collecting  the  volatile  products 
in  water.  Sufficient  nitric  acid  having  been  poured  on  the  alloy, 
the  funnel-tube  is  closed  with  a corlr,  and  the  oxidation  effected 
at  a moderate  temperature.  When  it  is  converted  into  a perfectly 
white  mass  the  excess  of  acid  is  expelled  by  causing  a gentle 
current  of  air  to  traverse  the  apparatus,  a moderate  heat  being  at 
the  same  time  applied.  A current  of  dry  hydrochloric  acid  gas  is 
then  transmitted  slowly  through  the  tube,  the  downward  egress 
end  being  immersed  in  a small  quantity  of  water.  When  the  mass 
becomes  liquid  from  the  absorption  of  gas,  a gentle  heat  is  applied, 
the  chlorides  of  antimony  and  tin  distil  over,  and  are  condensed  in 
the  water,  chloride  of  lead  remaining.  When  the  distillation  is 
nearly  finished,  a greater  heat  is  applied  to  expel  the  last  traces 
of  bichloride  of  tin  5 and  lastly,  the  chloride  of  lead,  now  perfectly 
free  from  tin  and  antimony,  is  heated  to  fusion  ; it  is  then  removed 
from  the  tube  and  converted  into  sulphate,  in  which  state  it  is 
weighed.  The  tin  and  antimony  in  the  distillate  are  separated  by 
iron,  as  above  described. 

The  following  are  the  principal  alloys  of  antimony : — 

1.  Type  metal,  the  best  description  of  which  contains  lead  2 
parts,  tin  1 part,  antimony  1 part. 

2.  Britannia  metal,  which  consists  of  equal  parts  of  brass, 
antimony,  tin , bismuth,  and  lead. 

3.  Superior  pewter,  consisting  of  tin  1 2 parts,  antimony  1 part, 
and  a small  quantity  of  copper. 

Analysis  of  Britannia  metal. — The  antimony  and  tin  are  separated 
as  directed  above  ; an  excess  of  solution  of  carbonate  of  ammonium 
is  then  added  to  the  filtrate,  by  which  oxide  of  bismuth  is 
precipitated,  oxide  of  copper  remaining  in  solution.  The  whole 
must  be  left  at  rest  for  some  time  in  a warm  place,  in  order  that 
the  oxide  of  bismuth  may  completely  settle ; it  is  then  collected 
on  a filter  and  washed  with  water,  containing  some  carbonate  of 
ammonium,  until  all  the  copper  is  eliminated.  It  is  then  dried, 
ignited,  and  weighed:  80  grains  of  oxide  of  bismuth  contain 
72  of  bismuth.  The  excess  of  carbonate  of  ammonium  should 
next  be  volatilized  by  evaporation,  and  after  adding  a small  quantity 
of  pure  ammonia,  the  oxide  of  copper  is  precipitated  by  solution 
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of  potash,  well  boiled,  then  collected  on  a filter,  and  washed  with 
hot  water  thoroughly,  then  dried  and  weighed,  ioo  grains  of 
oxide  of  copper  = So  grains  of  copper. 

More  accurate  results  are  obtained  by  first  adding  carbonate  of 
sodium  in  slight  excess  to  the  solution,  then  precipitating  the 
bismuth  by  heating  with  cyanide  of  potassium. 

Sulphide  of  Antimony  ( antimonium  crudum;  crude  antimony ). 
— The  sulphide  of  antimony  of  commerce  is  in  masses  which  consist 
of  shining  crystalline  needles  of  a deep  steel  grey  colour,  which  soil 
paper,  and  which  yield  a black  powder  by  trituration,  in  which 
state  it  is  often  sold.  The  specific  gravity  of  sulphide  of  anti- 
mony is  4*5  or  4-62.  Heated  in  the  air  it  fuses  with  the  greatest 
facility,  and  disengages  sulphurous  acid,  but  if  heated  out  of  the 
contact  of  the  air  it  does  not  undergo  decomposition.  It  is 
insoluble  in  water,  soluble  in  hydrochloric  acid  with  disengage- 
ment of  sulphuretted  hydrogen. 

Sulphide  of  antimony  is  often  contaminated  by  sulphide  of 
iron , of  lead , of  copper , of  arsenic. 

The  presence  of  these  impurities  may  be  detected  in  the 
following  manner : — If  the  sample  be  not  already  in  powder,  it 
should  be  pulverized  and  boiled  in  aqua  regia,  until  the  sulphur 
separates  in  lumps  of  a perfectly  yellow  colour ; the  solution  is 
filtered  into  a flask,  and  when  cold  an  excess  of  ammonia  is  then 
added,  which  produces  an  abundant  precipitate.  An  excess  of 
hydrosulphuret  of  ammonia  in  maximum  of  sulphur  (that  is, 
hydrosulphuret  of  ammonia  in  which  washed  flowers  of  sulphur 
have  been  dissolved),  is  further  added,  and  the  flask  being  corked 
up,  the  whole  is  left  at  rest  in  a warm  place  for  twelve  hours.  If 
a black  residuum  is  left  insoluble  in  the  excess  of  hydrosulphuret 
of  ammonia,  the  operator  may  conclude  that  the  sulphide  of 
antimony  operated  upon  contained  iron , lead,  or  other  metals.  If, 
however,  copper  was  present,  the  supernatant  liquor,  after 
supersaturating  with  ammonia  previous  to  the  addition  of  the 
hydrosulphuret  of  ammonia,  had  a blue  colour.  If  much  lead  were 
present,  the  solution  of  the  sulphide  of  antimony  must  have 
produced  a white  precipitate  of  sulphate  of  lead,  which  will  have 
been  collected  with  the  sulphur  on  the  filter.  The  presence  of 
lead  may,  however,  be  easily  recognised  by  moistening  the 
insoluble  portion  on  the  filter,  and  previously  washed  with 
hydrosulphuret  of  ammonia,  which  in  that  case  will  turn  it 
black. 

The  sulphide  of  antimony  which  was  dissolved  by  hydro- 
sulphuret of  ammonia  may  be  contaminated  by  sulphide  of 
arsenic,  which  is  soluble  also  in  that  re-agent ; and  therefore  the 
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solution  should  he  diluted  with  water,  and  boiled  with  an  excess 
of  acetic  acid,  which  will  re-precipitate  both  sulphides  mixed 
with  sulphur.  The  precipitate  so  produced  by  acetic  acid  should 
be  collected  on  a filter,  and  mixed  with  three  times  its  bulk  of  a 
mixture  of  equal  parts  of  nitrate  of  potassium  and  of  carbonate  of 
sodium,  and  dried  at  a gentle  heat.  Another  portion  of  the  same 
mixture  of  nitrate  of  potassium  and  of  carbonate  of  sodium  is  then 
to  be  fused  in  a porcelain  crucible,  and  whilst  in  a state  of  fusion 
(over  an  argand  spirit  lamp,  or  over  any  gas-lamp)  mixed  with 
nitrate  of  potassium  and  carbonate  of  sodium,  dried,  and  then 
cautiously  projected  in  the  porcelain  crucible  in  small  portions 
at  a time.  The  fused  mass  in  the  crucible  should  then  be  treated 
by  boiling  water,  filtered,  and  slightly  supersaturated  with  nitric 
acid  and  boiled.  The  liquor  is  then  tested  by  solution  of  nitrate 
of  silver,  and  a small  quantity  of  dilute  ammonia  is  then  added ; 
if  this  produces  a light  brown  precipitate,  it  is  a basic  arseniate 
of  silver,  very  soluble  in  nitric  acid  and  in  ammonia. 

The  ore  of  sulphide  of  antimony,  from  which  the  crude  anti- 
mony is  extracted,  is  generally  contained  in  a gangue  or  matrix  of 
qqartz,  of  sulphate  of  barium,  and  of  iron  pyrites. 

A sulphide  of  antimony,  known  under  the  name  of  glass  of 
antimony , is  imported  from  Germany  and  Holland,  which 
contains  silica , and  is  often  adulterated  with  oxide  of  lead.  This 
fraud  is  detected  by  reducing  the  glass  into  fine  powder,  pouring 
nitric  acid  upon  it,  and  heating  the  whole.  The  solution  is  then 
filtered,  and  the  filtrate  is  tested  with  a solution  of  sulphate  of 
sodium,  which  will  produce  a precipitate  of  sulphate  of  lead,  if 
that  metal  is  present.  The  precipitated  sulphate  of  lead  is 
collected  on  a filter,  washed  with  water,  acidified  with  sulphuric 
acid,  dried,  and  then  ignited.  If  no  organic  matter  be  present,  and 
provided  the  filter  containing  the  sulphate  of  lead  has  been  burnt 
separately,  and  the  ashes  added  to  the  sulphate  of  lead  produced, 
its  ignition  may  be  performed  in  a platinum  crucible ; but  if  any 
portion  of  the  filter  is  mixed  with  the  precipitate,  or  if  it  contains 
any  organic  matter,  a porcelain  crucible  must  be  used,  for  other- 
wise a portion  of  the  sulphate  of  lead  might  be  reduced  to  the 
metallic  state,  which  would  unavoidably  damage  the  platinum 
crucible. 

Antimony  Trioxide  ( antimonious  acid). — It  is  obtained  by 
heating  trisulpliida  of  the  metal  with  strong  hydrochloric  acid 
until  sulphuretted  hydrogen  ceases  to  be  evolved ; the  solution  of 
trichloride  thus  obtained  is  decomposed  by  boiling  with  solution  of 
•carbonate  of  sodium. 

When  dry  it  is  a greyish-white  powder,  which  on  heating 
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becomes  yellow,  then  melts  into  a yellowish  liquid,  which  on 
cooling  solidifies  into  a white  crystalline  mass.  At  a higher 
temperature  it  sublimes  in  a close  vessel.  "When  heated  in  the 
air  it  is  partly  converted  into  antimonic  acid. 

Antimonious  acid  dissolves  in  water,  though  very  sparingly; 
more  freely  in  strong  hydrochloric  acid.  It  is  insoluble  in  nitric 
acid  of  ordinary  strength,  but  dissolves  in  cold  fuming  nitric  acid, 
the  solution  depositing  pearly  scales  of  nitrate ; the  solution,  in 
strong  hydrochloric  acid,  becomes  turbid  on  the  addition  of  water. 
It  dissolves  in  boiling  solution  of  tartaric  acid,  and  very  easily  in 
a solution  of  acid  tartrate  of  potassium  (cream  of  tartar),  forming 
tartrate  of  antimony  and  potassium,  or  tartar  emetic. 

Antimony  Amorphous  Trisulphide  ( mineral  kermes ). — 
Ordinary  kermes,  containing  an  admixture  of  antimonious  oxide, 
is  a brown  red  loose  powder,  becoming  dark  grey  when  boiled 
with  water.  It  is  converted  by  fusion  into  an  amorphous  slag- 
like mass.  Pure  amorphous  trisulphide  of  antimony  may  be 
obtained  by  keeping  the  grey  sulphide  for  some  time  in  a state 
of  fusion,  and  then  cooling  it  very  suddenly  by  throwing  the 
vessel  in  which  it  has  been  melted  into  a large  quantity  of 
cold  water.  As  thus  obtained,  it  is  a dense  fissured  mass, 
harder  than  the  native  sulphide,  having  a conchoidal  fracture 
and  a grey  colour,  or  in  thin  pieces,  dark  hyacinth  red,  and 
yielding  a red-brown  powder,  lighter  in  colour  than  the  ordinary 
kermes. 

Antimony  and  Potassium,  Tartrate  of  (tartar  emetic). 
— Tartar  emetic  crystallizes  in  octahedra  or  in  tetrahedra, 
which  are  semi-transparent,  colourless,  slightly  efflorescent, 
inodorous,  and  of  a nauseous  styptic  taste.  Exposed  to  heat,  it 
blackens,  is  decomposed,  and  leaves  a residuum  of  metallic  anti- 
mony. It  is  soluble  in  fifteen  parts  of  cold  and  in  two  parts  of 
boiling  water,  but  the  solution  is  slow,  especially  when  it  is  in 
crystals,  or  recently  pulverised;  it  powerfully  reddens  litmus 
paper. 

Tartar  emetic  is  often  contaminated  by  bitartrate  of  potassium 
(cream  of  tartar)  ; the  presence  of  this  impurity  may  be  detected 
by  mixing  together  eight  parts  of  neutral  acetate  of  lead,  fifteen 
parts  of  acetic  acid,  specific  gravity  1*064,  and  thirty-two  parts  of 
water.  The  solution  thus  obtained  produces  a precipitate  when 
poured  in  solutions  of  cream  of  tartar,  but  none  in  those  of  tartar 
emetic.  Mr.  Henry  says  that  555th  Pftl’t  °f  cream  of. tartar  may 
thus  bo  detected  in  tartar  emetic.  The  precipitate  requires  some 
time  to  be  produced. 

Oxalate  of  ammonium  may  also  be  employed  to  test  the  purity 
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of  tartar  emetic,  the  solution  of  which,  if  pure,  is  not  precipitated 
by  that  salt. 

The  absence  of  cream  of  tartar  in  tartar  emetic  may  be  demon- 
strated by  completely  precipitating  a solution  of  20  grains  of  the 
salt  by  sulphuretted  hydrogen  gas.  The  weight  of  the  precipitate 
thus  obtained  should  be,  when  washed  and  collected  on  a tared 
filter,  9-91  grains. 

Antimonic  acid  is  distinguished  from  antimonious  acid  by  its 
producing  no  precipitate  with  solution  of  trichloride  of  gold,  even 
in  the  presence  of  excess  of  potash,  and  by  its  forming  with 
nitrate  of  silver  a white  precipitate,  perfectly  soluble  in  ammonia. 
With  antimonious  acid  the  precipitate  with  the  same  reagent  is 
llach,  and  quite  insoluble  in  ammonia. 

AQUA  FORTIS.  See  JSlTEIC  ACID. 

AQUIX.A  ALBA.  See  CALOMEL. 

ARGENTAN,  See  GERMAN  SILVER. 

ARGOZi.  See  BlTARTRATE  OE  POTASSIUM. 

ARROW-ROOT. — Arrow-root  is  a fecula  which  has  a great 
analogy  with  common  starch  and  with  potato-starch ; but  these 
two  substances,  being  cheaper,  are  often  mixed  with  it.  This 
admixture,  however,  can  be  easily  detected,  if  at  all  large,  by  an 
attentive  examination  of  the  sample  with  the  naked  eye,  or  if  in 
less  considerable  quantity,  with  the  help  of  the  microscope. 

The  particles  of  potato-starch  are  of  an  irregular  form,  of 
various  sizes,  whilst  arrow-root  consists  of  particles  of  an  even 
size  and  of  an  ovoid  form,  their  surface  being  smooth  and  even. 
With  respect  to  common  starch,  its  presence  may  be  detected 
because  it  consists  of  particles  of  a larger  size  and  of  a dull 
appearance  when  examined  through  the  microscope,  whilst  the 
particles  of  arrow-root  are  bright,  pearly,  and  finer.  The  admix- 
ture of  potato-starch  in  arrow-root  imparts  to  it  an  acrid,  earthy, 
unpleasant  flavour ; but  this  is  by  no  means  a test  to  be  depended 
upon,  because  badly  manufactured  arrow-root  acquires  sometimes 
an  unpleasant  flavour  from  the  resinous  matter  contained  in  the 
cuticle  of  the  plant  from  which  it  is  prepared,  and  which  no  sub- 
sequent stage  of  the  manufacture  can  remove.  Yet  as  the  paste 
which  arrow-root  forms  with  water  is  inodorous,  whilst  that  made 
from  common  starch  and  from  potato-starch  has  a peculiar 
odour,  the  presence  of  the  latter  may  thus  be  generally  distin- 
guished. 

The  best  method,  however,  of  detecting  the  spurious  article, 
consists  in  triturating  one  part  of  the  suspected  sample  with  1 A 
or  2 parts  of  concentrated  hydrochloric,  or  with  dilute  nitric  acid 
of  the  strength  of  common  aquafortis  (specific  gravity  no),  which 
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will  immediately  produce  a transparent  jelly,  or  mucilage,  if  flour 
or  potato-starch  be  present ; but  if  the  arrow-root  is  pure,  the 
mucilage  produced  by  that  treatment  is  white  and  opaque. 
Ground  rice,  however,  behaves  with  that  re-agent  exactly  like 
arrow-root,  from  which  it  can  be  distinguished  only  by  the 
microscope,  the  particles  of  rice  having  a sharp,  spicular,  horny 
appearance,  which  can  hardly  be  mistaken. 

Potato-starch  may  be  also  easily  detected  by  mixing  the 
suspected  arrow-root  with  hydrochloric  acid.  Genuine  arrow-root 
so  treated  gives  no  odour  whatever,  but  when  adulterated  with 
potato-starch  an  odour  resembling  that  of  beans  is  evolved. 

ARSEOTZOUS  ACIB  (Arsenic,  Wliite  Arsenic,  'Wliite 
Oxide  of  Arsenic). — The  substance,  commonly  known  under 
the  name  of  arsenic,  is  arsenious  acid.  It  is  a white,  nacreous, 
opaque,  compact,  brittle  substance,  with  a conchoidal  fracture, 
completely  volatilizable  by  heat,  but  without  emitting  any  odour  of 
garlic,  except  it  be  heated  in  contact  with  charcoal  or  other 
organic  matter  capable  of  reducing  it  into  metallic  arsenic,  the 
odour  of  garlic  belonging  to  the  fumes  of  metallic  arsenic.  Pul- 
verised arsenious  acid  is  a white  powder. 

. Arsenious  acid  is  most  virulently  poisonous ; its  best  solvent 
is  hydrochloric  acid,  but  it  is  also  sparingly  soluble  in  water. 
Solutions  of  alkalies  and  of  alkaline  carbonates  dissolve  arsenious 
acid  also. 

The  arsenious  acid  of  commerce,  when  pulverized,  is  some- 
times adulterated  with  white  sand,  chalk,  or  plaster ; but  these 
impurities  are  most  readily  detected  and  their  proportion  esti- 
mated, for  arsenious  acid  being  entirely  volatilizable  by  heat,  it  is 
sufficient  to  expose  a given  weight  of  the  substance  to  a sufficient 
heat  (380°  or  400°)  in  a crucible ; the  whole  of  the  arsenious  acid 
will  evaporate,  but  the  above  impurities  will  remain  behind  as  a 
fixed  residuum,  and  may  then  be  weighed  after  cooling.  The 
volatilization  of  the  arsenious  acid  in  the  above  experiment  should 
be  carried  on  under  the  hood  of  a chimney  with  a good  draught, 
the  fumes  being  exceedingly  poisonous. 

ASA  PETIBA. — Asa  foetida  is  a gum  resin  of  a light  yellow 
colour  when  fresh  gathered,  but  which  becomes  brownish  by- 
keeping.  It  is  obtained  by  incision  from  the  root  of  a plant 
(Ferula  asafeetida ),  found  chiefly  in  Persia  and  Scinde,  and  the 
juice  is  inspissated. 

Asa  foetida  is  in  agglutinated  more  or  less  voluminous  masses, 
of  a brownish  or  drab  colour  variegated  with  white  or  violet 
specks ; it  has  a strong  and  very  disagreeable  odour  and  taste 
resembling  that  of  garlic.  The  fresher  it  is,  the  stronger  are  the 
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smell  and  other  properties  of  the  resin,  which  should  be  chosen 
clean,  fresh,  of  a strong  odour,  and  of  a reddish-brown  colour.  A 
gentle  heat,  even  the  warmth  of  the  hand,  is  sufficient  to  soften  asa 
foetida,  and  when  set  fire  to,  it  burns  vividly  with  a pure  white 
fame,  like  camphor. 

This  gum-resin  is  frequently  adulterated  with  gums  of  an 
inferior  price — with  chalk,  clay,  sand,  &c. ; all  these  impurities 
may  be  detected  by  dissolving  a given  weight  of  the  gum  in  a 
mixture  of  alcohol,  and  of  an  acid  or  an  alkali ; the  impurities  are 
then  left  in  an  insoluble  state,  and  their  amount  may  he  determined 
by  weighing.  The  insoluble  portion  in  the  genuine  gum  should 
not  exceed  15  or  16  per  cent.  The  specific  gravity  of  asa  fcetida 
is  1-327. 

ashes.  See  Alkalimetry. 

azotic  acid.  See  Nitric  Acid. 

AZuiiE-BS.UE.  See  Smalt. 

AZUEITE.  See  Copper  Ores. 

BALSAH  COPAIBA.  See  CorAIBA. 

BAHHiLA.  See  ALKALIMETRY. 

sastahs  saffbon.  See  Saeelower. 

eeeh. — The  two  kinds  of  malt  liquor  consumed  in  this 
country  are  Ale  and  Porter.  The  former  is  made  from  the  paler 
kinds  of  malt,  and  the  fermentation  of  the  wort  is  checked 
during  the  first  fermentation,  so  as  to  leave  a considerable  quantity 
of  saccharine  matter  in  the  liquor,  which,  by  its  subsequent  con- 
version into  alcohol  and  carbonic  acid,  tends  to  keep  up  the  brisk- 
ness. 

Pale  Ale  is  beer  made  from  worts  extracted  from  the  palest 
malt,  and  boiled  with  the  palest  and  best  liops.  The  fermentation 
is  kept  at  as  low  a temperature  as  possible,  in  order  to  prevent  the 
formation  of  acetic  acid,  and  the  solution  of  the  yeast  by  the 
alcohol. 

Porter. — The  origin  of  the  name  of  this  favourite  beverage  is 
thus  stated  by  Mtjspratt  (‘  Chemical  Dictionary  ’)  : — 1 Previous  to 
the  year  1730  the  malt  liquors  principally  drunk  in  London  were 
ale , hcer  and  twopenny  ; and  it  was  usual  for  the  customers  to  call 
for  half-and-half,  that  is,  half  ale  and  half  beer,  half  ale  and  half 
twopenny,  or  half  of  beer  and  half  of  twopenny.  In  course  of 
time  it  also  became  the  practice  to  ask  for  a pint  or  tankard  of 
three  threads , signifying  a third  of  ale,  of  beer,  and  of  twopenny, 
and  thus  the. publican  had  the  trouble  of  going  to  three  casks  to 
get  the  mixture  required.  To  avoid  this  the  brewer  conceived 
the  idea  of  making  a liquor  which  should  unite  the  flavours  of  tho 
three ; he  did  so,  and  called  it  entire ; and  as  it  was  a hearty  bever- 
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age,  very  suitable  for  porters  and  other  work-people,  it  was  given 
the  name  of  porter.' 

The  great  difference  between  porter  and  common  ale  is 
derived  from  the  variety  of  materials  worked  upon.  The  first 
employed  by  the  porter-brewer  is  composed  of  various  species  of 
malt  mixed  together  in  different  proportions. 

The  annexed  table  gives  a view  of  these  mixtures  : — 


Table  of  Porter  Grists. 


No. 

Black 

Brown 

Amber 

Pale 

Total 

I 

9 

O 

O 

91 

100 

2 

6 

34 

O 

60 

IOO 

3 

2 

30 

IO 

S3 

100 

4 

3 

2$ 

is 

57 

IOO 

s 

4 

24 

24 

48 

IOO 

6 

s 

O 

95 

O 

IOO 

Of  these  preference  is  given  to  the  last  two,  as  being  the 
fittest  for  preparing  a good  porter ; in  tbe  others  the  excess  of 
black  and  brown  malt  occasions  too  much  carbonaceous  and  useless 
matter  in  them,  from  which  the  porter  acquires  a disagreeable 
taste,  as  if  liquorice  and  similar  compounds  were  mixed  with  it. 
Good  porter  has  generally  the  following  characteristics  : — it  is 
perfectly  bright,  dark  coloured,  brisk  or  well  impregnated  with 
carbonic  acid;  light,  sufficiently  bitter  to  the  taste,  aud  free  from 
too  much  acidity. 

Analysis  of  JB feer. — The  normal  constituents  are  alcohol,  car- 
ionic  acid,  and  extractive  matters  of  malt  and  hops ; acetic  acid  is 
also  present,  but  its  amount  in  good  beer  is  very  small. 

It  is  of  importance  to  the  brewer  to  know  how  to  determine 
the  composition  of  genuine  beer,  as  it  becomes  a means  whdreby 
he  learns  the  composition  of  the  worts  or  gyle  of  his  neighbour, 
and  his  precise  method  of  operation.  To  the  exporter  it  is  of 
importance  to  know  how  to  deduce  from  the  results  of  analysis  the 
‘original  gravity ’ of  the  won;  for  by  Act.  io  Vic.  cap.  5 a 
drawback  is  granted  of  five  shillings  per  barrel  of  thirty-six 
gallons  upon  beer  exported,  of  which  the  worts  used  before  fer- 
mentation are  not  of  a less  specific  gravity  than  1054,  and  not 
greater  than  1081 ; and  a drawback  of  seven  and  sixpence  upon  beer 
exported  the  worts  of  which  before  fermentation  were  not  more 
than  1081  specific  gravity. 

Amount  of  Carbonic  Acid  in  Beer. — An  exact  estimation  of 
this  is  very  rarely  necessary;  it  does  not  even  in  bottled  beer 
exceed  o-i  to  o'5  per  cent.,  and  of'  this  small  quantity  the 
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greater  part  escapes  as  soon  as  the  bottle  is  opened.  The  strength 
of  the  frothing  will  give  a very  good  idea  of  its  relative  amount. 

Determination  of  the  Amount  of  Alcohol. — The  quantity  of  beer 
which  is  found  in  practice  most  convenient  to  operate  upon  for 
this  purpose  is  four  ounces  measures;  this  quantity  is  distilled  in  a 
somewhat  capacious  retort  combined  with  a Liebig’s  conductor  (or 
more  conveniently  in  the  Phillips’s  standard  revenue  still)  until 
three-fourths  of  the  liquid  are  drawn  over ; the  distillate  is  then 
made  up  by  distilled  water  to  four  ounces,  and  the  specific  gravity 
taken  at  the  temperature  of  6o°.  The  lower  the  gravity  the  larger 
will  be  the  proportion  of  alcohol,  the  percentage  of  which  by 
volume  and  weight  is  shown  in  the  following  Table : — 

Table  of 

Specific  Gravity  and  Strength  of  Spirits. 


Volume 

Weight 

Specific 

Volume 

Weight 

Specific 

per  cent. 

per  cent. 

gravity 

per  cent. 

per  cent. 

gravity 

I * 

o"8o 

0-99850 

4*5 

3*6o 

0*99350 

IT 

o-88 

o*9983S 

4-6 

3*68 

0-99336 

I ’2 

o'g6 

0-99820 

4*7 

376 

0-99322 

x'3 

1*04 

0-99805 

4*8 

3*84 

0-99308 

i'4 

IT2 

0-99790 

4*9 

3*92 

0-99294 

1 5 

1*20 

0*99775 

5*o 

4'oo 

0-99280 

i*6 

I-28 

0-99760 

5*i 

4-08 

C99267 

i '7 

1-36 

0*99745 

5*2 

4-16 

0-99254 

i "3 

1*44 

0-99730 

5*3 

4-24 

0-99241 

1 *9 

1-52 

0-99715 

5*4 

4*32 

0-99228 

2*0 

i"6o 

0-99700 

5*5 

4*4° 

0-99216 

2*1 

1 ’68 

0-99686 

5*6 

* 4*48 

0*99202 

2*2 

176 

0-99672 

5*7 

4*56 

0-99189 

2-3 

1 '84 

0-99658 

5*8 

4-64 

0-99176 

2’4 

1*92 

0-99644 

5*9 

4*72 

0*99163 

2'5 

2 'OO 

0-99630 

6’o 

4-81 

0*99150 

2*6 

2-o3 

0-99616 

6*1 

4-89 

0-99137 

2 7 

2-i6 

0-99602 

6*2 

4*97 

0*99I24 

2‘8 

2 9 

3 0 

2 ‘24 
272 
2 ‘40 

0'99585, 

o*9<S£> 

0-99560 

6 *3 
6*4 
6*5 

5*05 

5*x3 

5*21 

0-99111 

0-99098 

0-99085 

3*1 

2 ’48 

0-99546 

6-6 

5*30 

0-99072 

3'2 

2-56 

0*99532 

67 

5*28 

0-99059 

3 ‘3 

2-64 

0*99518 

6-8 

5'46 

0-99046 

3 ‘4 

272 

0-99504 

6*9 

5*54 

0-99033 

3'5 

2 '80 

0-99490 

7*o 

5-62 

0-99020 

3*6 

2-88 

0-99476 

7*i 

570 

0-99088 

37 

2 '96 

0-99462 

7*2 

578 

0-98996 

3‘® 

3*04 

0-99448 

7*3 

5*86 

0-98984 

3 ‘9  ’ 

3-12 

0*99434 

7*4 

5*94 

0-98972 

4'° 

3*20 

0*99420 

7*5 

6 '02 

0-98960 

4’1 

■ 3*28 

0-99406 

7*6 

6-ir 

0-98949 

4*2 

3*3^ 

0-99392 

77 

6-19 

0-98936 

4*3 

3 '44 

0-99378 

7*8 

6-27 

0-98924 

4 ‘4 

3*52 

0-99364 

7*9 

6*35 

0-98912 

I 

8-o 

6*43 

0-98900 
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Suppose  the  distillate  obtained  from,  the  four  ounces  of  beer  to 
have  a specific  gravity  of  ’99267,  then  according  to  the  Table  the 
distillate  would  contain  4’o8  per  cent,  of  alcohol  by  weight,  or  5’i 
per  cent,  by  volume. 

Another  method  of  determining  the  amount  of  alcohol  in  beer, 
which  for  most  practical  purposes  is  sufficiently  accurate,  is  to  cal- 
culate it  from  the  difference  between  the  specific  gravity  of  the 
boiled  and  unboiled  beer.  The  beer  is  first  freed  from  carbonic 
acid  by  brisk  agitation  in  a capacious  flask,  and  its  specific  gravity 
accurately  determined ; it  is  then  boiled  briskly  for  some  time  to 
drive  off  its  alcohol;  the  residue  after  cooling  is  diluted  with  water 
till  its  bulk  becomes  exactly  equal  to  the  original  volume  of  the 
beer  : it  is  then  filtered,  if  necessary,  through  a covered  filter,  and 
its  specific  gravity  likewise  determined. 

Example. — Suppose  the  specific  gravity  of  the  unboiled  beer 
free  from  carbonic  acid  to  be  ro25o,  and,  after  boiling  and  dilut- 
ion with  water,  to  be  increased  to  1 ’0320,  now  as  the  specific 
gravity  of  the  unboiled  beer  is  less  than  that  of  the  boiled  beer , in  the 
same  proportion  as  the  specific  gravity  of  spirit  of  ivine  of  equal  alco- 
holic strength  is  less  than  that  of  water,  the  specific  gravity  of  pure 
spirit  of  the  same  alcoholic  strength  as  the  beer  will  be  to  that  of 

water  as  ro320 ; 1*0250,  that  is  to  say,  it  will  be  = 0-9932; 

which,  according  to  the  Tables,  corresponds  to  376  per  cent.  The 
amount  of  acetic  acid  in  beer  Is  ascertained  as  follows : — An  aceto- 
meter  is  filled  to  zero  with  the  beer,  which  is  then  transferred  to  a 
test-glass.  The  acetometer  is  to  be  washed  out  with  distilled 
water,  and  the  washings  are  to  be  added  to  the  beer  in  the  test- 
glass  ; next  fill  the  dried  acetometer  with  the  test  ammonia  solu- 
tion (sp.  gr.  998 -6),  which  is  to  be  added  to  the  beer  drop  by  drop, 
until  the  acid  present  is  neutralised. 

The  test  solution  is  so  prepared  that  a given  measure  of  it  will 
neutralise  1 per  cent,  of  acetic  acid  in  an  equal  bulk  of  beer,  so 
that  if  1000  fluid  grains  of  the  solution  are  sufficient  to  neutralise 
the  acetic  acid  on  1000  fluid  grains  of  beer,  such  beer  will  contain 
1 per  cent,  of  acid,  and  every  division  of  the  acetometer  (corres- 
ponding to  10  fluid  grains)  indicates  'Oi  per  cent,  of  acid  in  the 
beer. 

The  Extractive  Matter—  The  amount  of  extractive  matter  is 
determined  by  evaporating  a known  weight  of  the  beer  in  a small 
platinum  dish,  and  drying  the  residue  in  an  air-bath  at  100  — 115 
C (2 1 20-  2390  F),  till  it  ceases  to  lose  weight.  As  it  is  very  hygro- 
scopic, the  dish  must  bo  weighed  with  its  cover  on,  and  as  soon  as  it 
is  sufficiently  cold.  This  extractive  matter  consists  mainly  of  sugar, 
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dextrine,  albuminous  matter , and  lupulin,  tlie  bitter  principle  of  the 
hop.  It  is  rarely  necessary  to  submit  it  to  analysis,  hut  should 
this  be  required  it  may  he  roughly  done  in  the  following  manner : — 
Dextrine  and  sugar  may  he  determined  by  moistening  the  dried 
residue  with  water  to  a thin  syrup,  and  gradually  adding  strong 
alcohol  as  long  as  dextrine  is  thereby  separated.  The  clear  sugar 
solution  may  then  be  decanted,  and  the  dextrine  freed  from  the  re- 
maining sugar  by  repeated  solution  in  water  and  precipitation  by 
alcohol.  The  precipitated  dextrine  and  the  evaporated  sugar- 
solution  may  then  be  dried  and  weighed.  The  albuminous  matter 
may  be  estimated  from  a separate  portion  of  the  beer  by  boiling  it 
so  as  to  coagulate  the  albumin,  collecting  the  precipitate  on  a tared 
filter,  then  washing,  drying,  and  weighing  it.  Lastly,  the  sum  of 
the  weight  of  the  dextrine,  sugar  and  albuminous  matter,  deducted 
from  the  total  weight  of  the  extract,  gives  the  lupulin. 

The  Mineral  Constituents. — These  are  estimated  by  evaporating 
to  dryness  a known  quantity  of  the  beer,  charring  the  residue  and 
then  igniting  it  in  a mufile  at  a low  red  heat.  They  consist  chiefly 
of  phosphates  of  calcium  and  magnesium;  common  salt,  which  is 
sometimes  added  to  beer,  will  be  found  in  the  ash.  Any  consider- 
able amount  of  alkaline  carbonate  may  be  attributed  to  alkali 
added  to  neutralise  the  beer. 

The  ash  of  beer  should  be  perfectly  white ; if  coloured,  it  indi- 
cates the  addition  of  mineral  matter,  which  will  generally  prove  to 
be  sulphate  of  iron. 

The  following  Tables  (Watts’s  ‘Dictionary  of  Chemistry’)  ex- 
hibit the  composition  of  various  lands  of  beer  and  the  percentage 
composition  of  the  ash. 


Table  A. 


Average  amount  of  Malt  Extract  and  Alcohol  in  various  kinds  of 

Beer. 


Name  of  Beer  \ 

Percen 
Malt  Extract 

tage  of 
Alcohol 

London  Ale  (for  exportation) 

„ Ale  (ordinary) 

„ Porter  (for  exportation)  . 

„ Porter  (ordinary)  .... 

Brussels  Lambik 

„ Taro 

Biere  forte  de  Strasburgh  .... 

Biere  blanche  do  Paris 

Bavarian  Beer 

White  Beer  of  Berlin 

7-5 

5-4 

7- 6 

5-4 

S’5-3’5 
5-3 
4-3 '5 

8- 5 
6 ’5-4 

6-2-57 

6-8 

4- 5 

5- 6 

3- 4 
4 '5-6 
2-5-4 

4- 4 -5 
3 "5-4 

3-4 '5 

I ‘8-2-0 
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Table  13. 


Ash  of  Beer. 


London 

Beer 

London 

Porter, 

5 samples 

Scotch 

Ale, 

14  samples 

Dublin 
Porter, 
2 samples 

Potash  .... 
Soda  .... 

Lime  .... 

Magnesia. 

Sulphuric  Acid 
Chlorine  .... 
Silica  .... 
Phosphoric  Acid 

38'35 
7 "68 

2'45 

378 

1*36 

275 

9-87 

3376 

4’9-31-1 
21*8-50*8 
o’8-6‘9 
0*1—1  *2 
1*6-12*2 

6'5-i4'5 

8*25-19*7 

9*3-20*6 

3*2-29*8 
20*9-38*5 
0*2— 2*0 
o*  1-5*6 
1*6-19*2 

4'3-i8'25 

4*6-19*1 

6*0-25*7 

2I*4-32*0 
24*0-42*7 
o*8-i  *5 
0*2-1  *2 
2*8-10*1 
6*9-10*1 
6*9-19*7 
7*9-20*0 

100*00 

Table  C. 


Special  Results  of  the  Examination  of  certain  Beers. 


Name  of  Beer 

Malt 

Extract 

Alcohol 

Carbonic 

Acid 

Water 

London  Porter  (Barclay  & Perkins') 

6*o 

5 ’4 

0*16 

88*44 

6*8 

6*9 

not  dtrmd 

86*40 

„ „ (Berlin)  . 

5 ‘9 

47 

o*37 

89*00 

Burton  Ale 

J4"5 

5 ’9 

not  dtrmd 

79*66 

Scotch  Ale  (Edinburgh)  . 

10*9 

8'5 

o-iS 

80  *45 

Ale  (Berlin) 

6 '3 

7*6 

0*17 

85' '93 

Brussels  Larnbik  .... 

3 '4 

5 '5 

0*20 

90*9 

„ Faro 

2*9 

4 '9 

0*20 

92*0 

Salvator  Bier  (Munchen)  . 

9 ‘4 

4*6 

0*18 

85'85 

Rockbier  (Munchen) 

9*2 

4*2 

0*17 

86*49 

Bavarian  Draught  Beer  . 

5-8 

3-8 

0*14 

90*26 

„ Store  Beer,  16  months  old  . 

5 ‘9 

S-r 

0*15 

8975 

„ „ (Munchen) 

3 '9 

4'3 

0*16 

91*64 

„ Draught  Beer  (Brunswick) 

S'o 

3 '5 

not  dtrmd 

91*10 

„ Beer  (Waldschlosschen)  . 

4 '9 

3 '6 

1 » . 

9i'5° 

Prague  Draught  Beer 

6*9 

2*4 

» » 

9070 

„ Town  Beer  (Stadt-bier) 

10*9 

3 9 

» I 

85*20 

Sweet  Beer  (Brunswick)  . 

14*6 

1*36 

8470 

Josty’s  Beer  (Berlin) 

2*6 

2*6 

°'5 

94-30 

Werder’s  Brown  Beer  (Berlin)  . 

3° 

2 ’3 

°'3 

94*20 

White  Beer 

5 9 

1 '9 

o*6 

91*80 

Bibre  blanche  de  Louvain  . 

3° 

4*o 

not  dtrmd 

93*00 

Petermann  Louvain  .... 

4*o 

6*5 

I 1 

8900 

Mum  (Brunswick)  .... 

45 'o 

1’9 

” 

53-1° 

Determination  of  the  Original  Gravity  of  Reel'  Worts. — The 
specific  gravity  of  beer  is  always  less  than  that  of  the  wort  be- 
fore fermentation,  because  by  that  process  a portion  of  the  sugar 
us  converted  into  alcohol  and  carbonic  acid.  If,  therefore,  the 
solid  matter  of  wort  consisted  entirely  of  sugar,  there  would  be 
no  difficulty  in  determining  the  ‘ original  gravity,’ since  every  i 


f 


BEER. 


47 


per  cent,  of  alcoliol  in  the  beer  corresponds  very  nearly  to  2 per 
cent,  of  sugar  in  the  unfermented  wort.  But  as  the  wort  con- 
tains other  substances  differing  in  specific  gravity  from  sugar,  the 
determination  of  ‘ original  gravity  ’ can  only  be  effected  by  special 
methods.  The  subject  has  engaged  the  attention  of  several 
chemists — of  Otto  and  Zenneck,  and  especially  of  Balling  of 
Prague;  Dobson  and  Phillips,  of  the  Department  of  Inland 
Revenue;  and  more  recently  (1852)  of  Professors  Graham,  TIoe- 
mann,  and  Redwood,  who  were  instructed  by  the  Board  of  Inland 
Revenue  to  re-investigate  and  report  on  the  matter  in  consequence 
of  1 the  accuracy  of  the  means  employed  in  the  department  for 
ascertaining  the  “ original  gravities  ” of  beer  exported  on  draw- 
back having  been  questioned  by  some  exporters.’  The  following 
is  the  substance  of  the  elaborate  Report. 

The  substances  contained  in  beer  wort,  in  addition  to  starch, 
sugar  are — 1st,  dextrine , which  has  not  been  converted  into  sugar  in 
the  process  of  making.  2nd,  in  many  cases  cane-sugar  the  use  of 
which  is  now  permitted  in  breweries.  3rd,  caramel  arising  either 
from  high  dried  malt  or  from  treacle  or  brown  sugar.  4th,  a peculiar 
saccharine  substance  called  extractive.  5 th,  azotised  or  albuminous 
matter  derived  from  the  grain.  6th,  alkaine  and  earthy  salts. 


Table  D. 

Specific  Gravities  of  Solutions  of  various  Saccharine  Substances,  and 
o/P ale  and  Brown  Malt  containing  equal  quantities  of  Carbon. 


Solution 
of  Starch 
Sugar 

Solution 
of  Cane 
Sugar 

Solution 
of  Dex- 
trine 

Solution 
of  Ex- 
tractive 
Sub- 
stance 

Solution 
of  Cara- 
mel 

Solution 
of  Pale 
Malt 

Solution 
of  Brown 
Malt 

Parts  of 
Cane  Sugar 
correspond- 
ing in  1000 
parts  by 
weight  of 
solution. 

ioio‘4 

IOIO’I 

1009*7 

1008 -9 

10087 

IOIO'O 

IOIO'O 

25 

I020"8 

I02O'2 

1019-3 

1017-8 

1017-3 

1020*3 

1020*2 

50 

1031-3 

1030-2 

1028-8 

1026-5 

1026-2 

1030-6 

1030-6 

75 

10424 

1040-6 

1038-3 

1035-5 

1034-9 

1041*2 

1041*2 

100 

1053*5 

1051  -o 

1047-9 

10447 

1043-8 

1052-1 

1052-0 

125 

1064-9 

1061  8 

1057-3 

1053-9 

1052-8 

1063-0 

1062-9 

150 

1076-9 

1072*9 

1066 -9 

1063-0 

1062-2 

1074*2 

1074-0 

*75 

1087*8 

1083-8 

1067-6 

I072*7 

1071-8 

1085-5 

1085-5 

200 

1099-4 

1095-2 

1086-3 

1082-3 

1081-3 

1097*2 

1097*2 

225 

1111-4 

1106-7 

1095-8 

1091*0 

1 109-0 

1109-0 

250 

Of  these  substances  the  albuminous  matters  and  the  mineral 
salts  have  but  little  effect  on  the  comparative  densities  of  the 
wort  before  and  after  fermentation  ; but  the  dextrine , caramel  and 
extractive  matters , all  give  solutions  of  less  specific  gravity  than  a 
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solution  of  starch-sugar  containing  the  same  quantity  of  carbon, 
and  therefore  capable  of  yielding  an  equal  amount  of  alcohol. 
These  differences  are  exhibited  in  the  following  Table,  from  which 
it  is  seen  that  if  an  unfermented  wort  contain  cane-sugar  and  dex- 
trine, and  the  gravity  lost  by  fermentation  is  inferred  from  the 
quantity  of  alcohol  contained  in  the  beer  on  the  supposition  that 
the  fermentable  matter  consisted  wholly  of  starch-sugar,  the  esti- 
mated gravity  will  be  too  high)  and,  on  the  other  hand,  the  con- 
version of  a portion  of  the  fermentable  sugar  into  unfermentable 
extractive  matter  which  gives  a solution  of  lower  specific  gravity 
for  the  same  amount  of  carbon,  will  cause  the  estimate  of  the  ori- 
ginal gravity  to  come  out  too  loio  ; indeed  the  extractive  substance 
indicates  only  about  five-sixths  of  the  saccharine  principle  from 
which  it  is  derived. 

To  obviate  these  difficulties  the  authors  of  the  Report  were 
led  to  propose,  for  the  determination  of  original  gravities,  a 
purely  empirical  method,  which  consisted  in  fermenting  solu- 
tions of  cane-sugar,  starch-sugai',  and  malt-extract  of  known 
original  gravity,  and  making,  at  ten  or  twelve  stages  of  the  pro- 
cess, the  two  following  observations : — 1st.  Distilling  a con- 
venient quantity  (4  fluid  ounces)  of  the  fermented  liquor, 
diluting  the  alcoholic  distillate  with  water  to  the  original 
volume  of  the  liquid,  and  taking  its  specific  gravity.  This, 
deducted  from  the  specific  gravity  of  water  =1000,  gives  the 
spirit  indication  of  the  beer,  e.g.  if  the  specific  gravity  of  the  alco- 
holic distillate  after  dilution  is  9S5‘95,  the  spirit  indication  is 
1000  - 985*95  = i4’05.  2ndly,  Diluting  the  boiled  beer  after 
cooling  to  its  original  volume,  taking  its  specific  gravity,  and 
subtracting  this,  which  is  called  the  extract-gravity , from  the 
known  original  gravity  of  the  wort  before  fermentation ; the  dif- 
ference gives  the  number  of  degrees  of  gravity  lost , corresponding 
to  the  spirit  indication  previously  observed. 

The  results  of  a long  series  of  determinations  of  this  kind  on 
liquids  of  known  original  gravity  are  given  in  the  Report  in 
the  form  of  Tables,  of  which  the  two  following  embody  the 
general  result  of  the  inquiry,  and  are  intended  for  actual  use  in 
determining  the  original  gravity  of  beer-wort. 

In  Table  (E)  the  first  column  gives  the  integers  of  spirit 
indication,  the  practical  parts  (tenths)  thereof ‘being  placed  at  the 
heads  of  the  other  columns;  the  numbers  in  these  several 
columns  are  the  degrees  of  gravity  lost,  corresponding  to  the 
several  spirit  indications. 

Example : Suppose  a sample  of  beer  distilled  as  above  gives  a 
‘ spirit  indication  ’ = 84  and  an  i extract  gravity  ’ 10224.  On 
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the  eighth  line  of  the  Table,  and  in  the  column  headed  -4  is 
found  the  number  35*9,  which  is  the  gravity  lost ; and  this,  added 
to  the  extract  gravity,  gives  35-9+  1022-4=  1058-3  for  tlie  original 
gravity  of  the  wash. 

Table  E. 

(To  be  used  in  ascertaining  original  gravities  by  the  Distillation" 

Pbocess.) 

Degrees  of  Spirit  Indication  with  corresponding  Degrees  of  Gravity 
lost  in  Malt  Worts. 


Degrees  of 
Spirit  In. 
dication 

•0 

*1 

*2 

3 

•4 

■S 

•6 

■7 

•8 

'9 

O 

— 

'3 

•6 

■9 

1*2 

1 '5 

i-8 

2*1 

2 ‘4 

27 

I 

3° 

3 ’3 

37 

4'1 

4‘4 

4-8 

5'1 

5'5 

5'9 

6*2 

2 

6"6 

7"° 

7 ’4 

r s 

8*2 

8"6 

9° 

9‘4 

9-8 

10*2 

3 

io'7 

II*I 

n‘5 

12*0 

I2"4 

12*9 

I3’3 

13-8 

I4"2 

147 

4 

IS'I 

I5‘5 

i6'o 

16  "4 

i6'8 

17  ■ 3 

177 

l8'2 

i8-6 

i9'i 

5 

I9’5 

I9‘9 

20*4 

20*9 

21-3 

21  "8 

22*2 

22*7 

23 'i 

23  "6 

6 

24-1 

24  "6 

25-0 

25'5 

26  "0 

26  "4 

26  "9 

27 '4 

27  "8 

28-3 

7 

28-8 

29*2 

297 

30-2 

307 

31-2 

3i7 

32-2 

327 

33 '2 

8 

337 

34'3 

34'8 

35 '4 

35'9 

36'5 

37'° 

37 ’5 

38'° 

38-6 

9 

39’1 

397 

40*2 

407 

41*2 

417 

42*2 

427 

43 '2 

437 

10 

44  "2 

447 

45 'i 

45 '6 

46 '0 

46-5 

47  '° 

47-5 

48  "o 

48-5 

11 

49'° 

49 '6 

5°'i 

50  "6 

51 '2 

5i7 

52-2 

52  7 

53‘3 

53 ’8 

12 

54 ‘3 

54 ’9 

55 '4 

55 '9 

56-4 

56-9 

57 '4 

57 '9 

58 '4 

58'9 

*3 

59 '6 

60  "O 

60-5 

6l*I 

61  "6 

62 ’2 

62  -7 

63'3 

63-8 

64 -3 

14 

64-8 

65-4 

65 '9 

663 

67  'i 

67 '6 

68  "2 

68 '7 

69'3 

69-9 

15 

70 '5 

In  cases  where  the  distillation  of  the  beer  is  troublesome, 
the  original  gravity  may  he  arrived  at  in  another  way,  viz. : — The 
specific  gravity  of  the  beer,  deprived  by  agitation  of  carbonic  acid, 
is  first  taken.  It  is  then  boiled  in  a flask  till  the  alcohol  is 
expelled,  then  diluted  to  its  original  volume,  and  the  specific 
gravity  again  taken.  The  first  result,  the  beer  gravity,  deducted 
from  the  second,  the  extract  gravity,  is  spirit  indication : thus  if 
beer,  before  boiling,  has  a specific  gravity  of  1035-1,  and  after 
boiling  of  1044-7,  the  spirit  indication  is  1044-7  — 1035-1=9-6 
degrees. 

By  numerous  experiments,  in  which  the  beer  was  boiled  in  a 
retort,  and  the  alcoholic  distillate  collected  as  above,  it  was  found 
that  the  evaporation  method  (the  second)  gave  a spirit  indication 
nearly  equal  to  that  resulting  from  the  first,  or  distillation  method, 
but  always  sensibly  less.  Thus  the  spirit  indication  of  a par- 
ticular sample  was  by  the  first  method  9-9  degrees,  and  by  the 
second  method  9-6  degrees.  These  experiments  were  made  in 
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liquids  of  known  original  gravity,  and  thus  a series  of  determina- 
tions were  obtained  of  the  relation  between  the  spirit  indication  as 
determined  by  the  evaporation  method,  and  the  degrees  of  gravity 
lost.  The  general  result  of  the  inquiry,  as  applied  to  malt  worts* 
are  given  in  Table  (D). 

Table  F. 

(To  be  used  in  ascertaining  original  gravities  by  the  Evaporation’ 

Process.) 

Degrees  of  Spirit-indication  with  corresponding  Degrees  of  Gravity 
lost  in  Malt  Worts. 


<4-1  • 

0 a d 
mw  a 

S.-sii 

E-gg 

*0 

*1 

*2 

7 

7 

7 

•6 

7 

•8 

7 

0 

— 

7 

7 

1*0 

1 '4 

i’7 

2*1 

2-4 

2*8 

3'1 

I 

37 

3-8 

4‘2 

4-6 

5'° 

5 ’4 

5-8 

6*2 

67 

7'° 

2 

7 '4 

7 ’8 

8-2 

87 

9 1 

97 

9 9 

107 

10*7 

II*I 

0 

O 

”7 

n‘9 

12*4 

I2'8 

13-2 

13-6 

14*0 

i4-4 

i4'8 

157 

4 

i5-8 

i6‘2 

16  6 

17*0 

17-4 

17-9 

18 ‘4 

18-8 

197 

198 

5 

203 

207 

21*2 

21  "6 

22*1 

223 

23  -o 

23  "4 

23 '9 

247 

6 

24B 

25-2 

25-6 

26‘I 

26  "6 

27*0 

277 

28-6 

287 

29*0 

7 

297 

3°’° 

30 ‘4 

30-9 

3I7 

31-8 

327 

32 '8 

337 

33 ‘8 

8 

347 

34 -9 

357 

36 -° 

36-6 

37  ‘ 1 

377 

387 

38-8 

39 '4 

9 

40 ’O 

40  7 

41*0 

417 

42  *0 

427 

43  ‘o 

437 

44 ‘o 

44 ’4 

IO 

44 '9 

45 '4 

46 -o 

467 

47-1 

47 '6 

48  "2 

487 

497 

49 '8 

IX 

50  7 

507 

5i ’4 

51 '9 

52  7 

53  '0 

537 

54 'o 

547 

55 -o 

12 

55'6 

56-2 

567 

577 

57-8 

787 

587 

59 '4 

59 ’9 

607 

*3 

6l'0 

61 '6 

62U 

627 

63-2 

63-8 

647 

64-9 

65 ’4 

66  "o 

14 

66 -s 

67  ’o 

67 -6 

68'i 

687 

69  "2 

6g'8 

70-4 

70-9 

7I-4 

15 

72*0 

The  want  of  coincidence  between  the  two  sets  of  Tables  is 
thus  explained.  The  same  degrees  of  gravity  lost  give  less  spirit, 
or,  in  other  words,  the  same  spirit  or  degrees  of  spirit  indication 
always  give  more  degrees  of  gravity  lost  in  the  Evaporation  Tables 
principally  from  this  circumstance.  When  alcohol  is  added  to 
pure  water,  the  density  of  the  latter  undergoes  a certain  diminu- 
tion. By  an  addition  of  8 per  cent,  by  weight  of  alcohol,  the 
density  of  water  is  reduced  from  1000  to  9867,  which  is  a loss  of 
gravity  of  137  degrees.  But  8 per  cent,  of  alcohol  in  the  same 
volume  as  before  of  water  containing  10  per  cent,  of  cane-sugar 
occasions  a loss  of  gravity  of  only  12^2°  (a  fall  from  io36’47  to 
i°23*55).  The  degrees  of  spirit  indication  obtained  are  therefore 
less  from  the  same  absolute  quantity  of  spirit  in  the  sugar  solution 
than  in  pure  water.  Now  the  sugar  solution  containing  alcohol 
represents  beer , and  gives  the  loss  of  gravity  which  the  beer  sus- 
tains by  evaporation.  On  the  other  hand,  the  first  mixture  of 
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pure  water  and  alcohol  represents  the  dilute  spirits  obtained  from 
the  same  beer  by  distillation.  Thus  the  results,  according  to  the 
Tables,  would  be — 

Degrees  of  spirit  indication  . ,13*30  by  distillation 

„ ,,  „ 1 2'92  by  evaporation 

Difference  . . . 0-38 

It  thus  appears  that  alcohol  reduces  the  gravity  of  a solution  ot 
sugar  (or  we  may  suppose  infusion  of  malt)  not  quite  so  much 
(by  a small  quantity)  as  it  reduces  the  gravity  of  water.  It  has 
been  believed  that  alcohol  has  the  same  effect  upon  the  density  of 
saccharine  solution  as  upon  water,  in  which  case  the  spirit  indi- 
cations obtained  by  beer  by  the  evaporation  and  distillation  methods 
should  necessarily  be  the  same,  but  from  a series  of  experiments 
made  by  the  authors  of  the  Report  on  the  subject,  it  appears  that 
a sensibly  greater  condensation  always  occurs  when  spirits  are 
mixed  with  saccharine  solutions  than  with  water. 

Notwithstanding,  then,  that  the  evaporation  process  is  the 
easiest  in  practice,  it  does  not  appear  to  admit  of  the  same  degree 
of  precision  as  the  distillation  process. 


Table  G-. 

For  ascertaining  the  Value  of  the  Acetic  Acid. 


Excess  per  cent, 
of  Acetic  Acid  in 
the  Beer. 

Corresponding  Degrees  of  Spirit  Indication. 

’00 

*OI 

*02 

■03 

•04 

'°5 

.06 

•07 

•08 

•09 

•0 

— 

•02 

•04 

*06 

•07 

*08 

•09 

•II 

*12 

'13 

*i 

'14 

•IS 

•17 

•18 

'19 

‘21 

*22 

•23 

•24 

*26 

*2 

•27 

•28 

•29 

'31 

'32 

'33 

'34 

•35 

'37 

•38 

•3 

■39 

•40 

•42 

'43 

'44 

•46 

'47 

•48 

'49 

•51 

■4 

■52 

'53 

'55 

'56 

'57 

'59 

*60 

*6i 

•62 

•64 

•5 

•65 

•66 

•67 

•69 

70 

'7 1' 

72 

•73 

'75 

•76 

•6 

'77 

•78 

•80 

•81 

*82 

•84 

■85 

•86 

•87 

•89 

'7 

•90 

•91 

'93 

'94 

'95 

'97 

•98 

'99 

I'OO 

1*02 

•8 

1-03 

1 "04 

1 '°5 

1*07 

i‘o8 

1*09 

1*10 

1*11 

I'I3 

I’I4 

■9 

I'I5 

i*i6 

i'i8 

II9 

1*21 

I *22 

1-23 

1 '25 

1 '26 

1 '28 

I'O 

1*29 

I'3I 

1 '33 

1 '35 

1 '36 

i '37 

1-38 

1 '40 

!'4I 

1 ‘42 

Influence  of  Acetic  Acid  on  original  Gravity. — In  The  examina- 
tion of  fermented  liquids  the  acetic  acid  present  should  not  be 
overlooked,  as  the  influence  of  this  constituent  upon  the  original 
gravity  of  some  kinds  of  beer,  particularly  old  and  hard  beer,  is 
often  considerable.  There  is,  however,  a certain  amount  of  acid 

e 2 


52 


BEEK. 


present  in  all  healthy  fermentation ; and  this,  in  the  experiments 
on  which  the  above  Tables  have  been  founded,  was  estimated  as 
one  part  of  absolute  acetic  acid  in  one  thousand  parts  of  wort.  Any 
excess  of  acid  beyond  this  should  be  ascertained  by  neutralising 
the  beer  by  an  alkaline  solution.  Sixty  parts  (one  equivalent)  of 
acetic  acid  represents  forty-six  parts  of  absolute  alcohol — a pro- 
portion by  which  the  weight  of  alcohol  which  has  disappeared  in 
the  formation  of  acetic  acid  is  calculated. 

This  corresponding  weight  of  alcohol  has  a certain  spirit 
indication,  which  is  to  be  added  to  the  spirit  indication  of  the  beer 
itself,  before  the  degrees  of  gravity-test  are  taken  from  the  Table. 
The  calculated  original  gravity  of  old  beer  is  often  thus  very 
sensibly  increased.  The  addition  to  be  made  to  the  actual  degrees 
of  spirit  indication,  as  found  by  weighing  the  distillate  for  any 
excess  of  acetic  acid  above  o-i  per  cent.,  is  shown  in  Table  Gf. 

As  an  example  of  the  distillation  process,  suppose  the  results 
of  the  examination  of  a sample  of  beer  to  be — 

Specific  gravity  of  Beer  ....  1006-4 

“ Spirit  ....  992-1 

•“  Extract  ....  1014-15 


and  suppose  that  in  neutralising  the  acid  in  1000  fluid  grains  of 
a beer,  46  divisions  of  the  acetometer  were  emptied,  or  that  460 
fluid  grains  of  the  ammonia  solution  were  required,  the  beer  would 
then  contain  0-46  per  cent,  of  acetic  acid ; then 

Acetic  acid  present  ....  0-46  per  cent. 

Deduct  as  being  allowed  for  in  the  Table  o-io  „ 


Acetic  acid  to  be  taken  account  of  . . 0-36 

Degrees  of  1 spirit  indication,’  or  icoo  mums  the 
sp.  gr.  of  the  distillate  .....  7-9 

Add  for  0-36  per  cent,  of  acetic  acid,  as  by  the 

above  Table 0-47 

True  spirit  indication 8-37 

Then  by  Table  E 8-37°  of  spirit  indication  correspond  to  35-73° 
of  gravity  lost,  or 

Sp.  Ind.  Gravity. 

8.37  correspond  to 3575 

Add  gravity  of  extract  . . . . 1014-10 

Original  gravity  of  beer  . . . 1049-85 


Throughout  the  process,  care  must  be  taken  that  the  liquids 
are  measured  and  weighed  at  the  temperature  of  60°  Fahr. ; that 
before  being  poured  into  the  weighing-bottle  they  are  agitated, 
and  that  the  bottle  when  filled  be  free  from  air-bubbles. 
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The  practice  of  the  Revenue  is  to  recognise  no  expression  for 
the  ‘ original  gravity  ’ of  beer  other  than  that  of  the  true  specific 
gravity  of  the  wort  at  60°  Fahr.,  or  the  weight  of  1000  fluid  grains 
at  that  temperature,  whilst  that  adopted  by  brewers  is  different, 
the  density  of  worts  being  expressed  by  them  at  so  many  ‘ lbs.  per 
barrel.’ 

The  following  Table  will  show  the  relations  between  the  two 
forms  of  expression  GUths  of  a lb.  per  barrel  correspond  to 
i degree  of  gravity,  or  i lb.  per  barrel  corresponding  to  2 degrees 
and  the  |ths  of  a degree  of  gravity)  : — 

Table  H. 


Showing  the  Specific  Gravity  of  Worts  at  a Temperature  of  6o°  F.,  ancl 
the  corresponding  1 lbs.  per  Barrel  ’ as  determined  by  Brewers. 


Specific  Gravity 
or 

‘ Original  Gravity  ’ 

lbs.  per  Barrel 
of  36 

Imperial  Gallons 

Specific  Gravity 
or 

* Original  Gravity’ 

lbs.  per  Barrel 
of  36 

Imperial  Gallons 

Specific  Gravity 
or 

1 Original  Gravity’ 

lbs.  per  Barrel 
of  36 

Imperial  Gallons 

Specific  Gravity 
or 

‘Original  Gravity’ 

lbs.  per  Barrel 
of  36 

Imperial  Gallons 

Specific  Gravity 
or 

‘ Original  Gravity’ 

lbs.  per  Barrel 
of  36 

Imperial  Gallons 

IOOI 

0-36 

1031 

ii'i6 

1061 

21-96 

1091 

32-76 

1121 

43*56 

1002 

072 

1032 

11-52 

1062 

22*32 

1092 

33‘12 

1122 

43*92 

1003 

1 "08 

io33 

xi-88 

1063 

22’68 

I093 

33*48 

1123 

44-28 

1004 

1-44 

I034 

12*24 

1064 

23-04 

1094 

33*84 

1124 

44-64 

1003 

i'8o 

io35 

12 -6o 

1065 

23-40 

I095 

34*20 

1125 

45*oo 

1006 

2'l6 

1036 

12-96 

1066 

2376 

1096 

34*56 

1126 

45'36 

1007 

272 

1037 

I3’32 

1067 

24-12 

io97 

34'92 

1127 

45  72 

1008 

2-88 

1038 

13-68 

1068 

24-48 

1098 

35*28 

1128 

46-08 

1009 

3 '24 

1039 

14-04 

1069 

24-84 

1099 

35*64 

1129 

46*45 

1010 

3-60- 

1040 

14-40 

1070 

25-20 

1100 

36-00 

1130 

46-80 

ion 

3 ‘96 

1041 

1476 

1071 

25 '56 

IIOI 

36*36 

1131 

47**6 

1012 

4 -32 

1042 

i5‘12 

1072 

25-92 

1102 

3672 

1132 

47*52 

1013 

4-68 

io43 

15 ‘43 

1073 

26-28 

1103 

37-08 

“33 

47-88 

1014 

5 ‘04 

1044 

15*84 

1074 

26-64 

1104 

37*44 

“34 

48-24 

1015 

5 ’40 

1045 

l6  "20 

1075 

27  'OO 

X105 

37*8o 

“35 

48-60 

1016 

S76 

1046 

16-56 

1076 

27-36 

1106 

38-16 

1136 

48-96 

10x7 

6'12 

x°47 

16-92 

1077 

27-72 

1107 

38*52 

“37 

49*32 

1018 

6-48 

1048 

17-28 

1078 

28-08 

1108 

38-88 

1138 

49-68 

1019 

7 20 

1049 

17-64 

1079 

28-44 

1109 

39*24 

“39 

50-04 

1020 

r 30 

1050 

i8'oo 

1080 

28-80 

IIIO 

39-60 

“40 

50*40 

1021 

7 ’56 

1051 

18-36 

1081 

29-16 

nil 

39'96 

1141 

50*76 

1022 

7-92 

1052 

1872 

1082 

29-52 

III2 

40*321 

1142 

51-12 

1023 

8-28 

1053 

19-08 

1083 

29-88 

III3 

40-68 

“43 

5i*48 

1024 

8 '64 

io54 

19*44 

1084 

30-24 

III4 

41-04 

“44 

51*84 

1025 

9'oo 

io55 

19-80 

1085 

30-60 

III5 

41  *4° 

“45 

52-20 

1026 

9 

1056 

20"  l6 

1086 

30-96 

IIl6 

4176 

1146 

52*56 

1027 

972 

1057 

20-52 

1087 

31*32 

III7 

42*12 

“47 

52-92 

1028 

10  "08 

1058 

2o'88 

1088 

31-68 

IIl8 

42-48 

1148 

53*28 

1029 

10-44, 

io59 

21*24 

1089 

32-04 

III9 

42-84 

“49 

53*64 

1030 

io‘8o 

1060 

21 '6o 

1090 

32-40 

1120 

43*20 

1150 

54-00 
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Adulteration  of  Beer. — Dr.  Uke  says,  in  liis  1 Dictionary  of 
Chemistry  ’ (4th  edition,  1831,  p.  203)  : — 

‘ As  long  ago  as  the  reign  of  Queen  Anne  brewers  were  for- 
bidden to  mis  sugar,  honey , Guinea-pepper,  essentia  bina,  coeeulus 
indicus , or  any  other  unwholesome  ingredient,  in  beer  under  a 
certain  penalty  ; from  which  we  may  infer  that  such  at  least  was 
the  practice  of  some  ; and  writers  who  profess  to  discuss  the 
secrets  of  the  trade  mention  most  of  these  and  some  other  articles 
as  essentially  necessary.  The  essentia  bina  is  sugar  boiled  down 
to  a dark  colour  and  empyreumatic  flavour.  Broom-tops,  worm- 
wood, and  other  bitter  plants,  were  formerly  used  to  render  beer 
fit  for  keeping  before  hops  were  introduced  into  this  country,  but 
are  now  prohibited  to  be  used  in  beer  made  for  sale.’ 

‘ By  the  present  law  of  this  country,  nothing  is  allowed  to 
enter  into  the  composition  of  beer  except  malt  and  hops.  Quassia 
and  wormwood  are  sometimes  fraudulently  introduced,  both  of 
which  are  easily  discoverable  by  their  nauseous  bitter  taste.  They 
form  a beer  which  does  not  preserve  so  well  as  hop  beer.  Sulphate 
of  iron,  alum,  and  salt,  are  often  added  by  the  publicans  under  the 
name  of  beer -heading,  to  impart  a frothy  property  to  beer,  when 
it  is  poured  out  of  one  vessel  into  another.  Molasses  and  extract 
of  gentian  root  are  added  with  the  same  view.  Capsicum,  grains 
of  paradise,  ginger-root,  coriander-seed,  and  orange-peel,  are  also 
employed  to  give  pungency  and  flavour  to  weak  or  bad  beer.  The 
following  is  a list  of  some  of  the  unlawful  substances  seized  at 
different  breweries,  and  brewers’  druggists’  laboratories  in  London, 
as  copied  from  the  Minutes  of  a Committee  of  the  House  of  Com- 
mons : — coeeulus  indicus,  multum  (an  extract  of  the  cocculus), 
colouring  honey , hartshorn-shavings,  Spanish  juice,  orange-powder , 
ginger,  grains  of  paradise,  quassia,  liquorice,  carrazvay-seeds,  cop- 
peras, capsicum,  mixed  drugs. 

1 Sulphuric  acid  is  frequently  added  to  bring  beer  forivarcl,  or 
make  it  hard,  giving  to  new  beer  instantly  the  taste  of  what  is 
eighteen  months  old.’ 

The  Act  56  Geo.  III.,  cap.  58,  stipulates  that  1 No  brewer,  or 
dealer,  or  retailer  of  beer,  shall  receive,  or  have  in  his  possession, 
or  make,  or  use,  or  mix  with,  or  put  into  worts  or  beer,  any  liquor, 
extract,  calx,  or  other  material  or  preparation  for  the  purpose  of 
darkening  the  colour  of  worts  or  beer,  or  any  liquor,  extract,  calx, 
or  other  material  or  preparation  other  than  brown  malt,  ground  or 
unground  as  commonly  used  in  brewing ; or  shall  receive  or  have  in 
his  possession,  or  use,  or  mix  with,  or  put  into  any  worts  or  beer, 
any  molasses,  honey,  liquorice , vitriol,  quassia,  cocculus  indicus, 
grains  of  paradise,  Guinea-pepper,  or  opium,  or  any  extract  or  me- 
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partition  of  molasses f honey , liquorice,  vitriol,  quassia,  cocculus 
inclicus,  grains  of  paradise,  Guinea-pepper,  or  opium,  or  any  article 
or  preparation  whatsoever  for,  or  as  a substitute  for  malt  and  hops, 
upon  pain  that  all  such  liquor,  extract,  calx,  molasses,  honey, 
vitriol,  quassia,  cocculus  indicus,  grains  of  paradise,  Guinea- 
pepper,  opium,  extract,  article  and  preparation  as  aforesaid,  and 
also  the  said  worts  and  heer,  shall  he  forfeited,  together  with  the 
casks,  vessels,  and  other  packages,  and  may  he  seized  by  any 
officer  of  excise  ; and  such  brewer  of,  dealer  in,  or  retailer  of  beer 
so  offending  shall  for  each  offence  forfeit  200?. 

1 Xo  druggist,  or  vendor  of,  or  dealer  in  drugs,  or  chemist,  or 
other  person  whatever,  shall  sell,  send,  or  deliver  to  any  licensed 
brewer  of,  or  dealer  in,  or  retailer  of  beer,  knowing  him  to  be  so 
licensed,  or  reputed  to  be  so  licensed,  or  to  any  other  person,  for, 
or  on  accoimt  of,  or  in  trust  for,  or  for  the  use  of  such  brewer, 
dealer,  or  retailer,  any  colouring  from  whatever  material  made,  or 
any  other  material  or  preparation,  other  than  unground  brown 
malt,  for  the  purpose  of  darkening  the  colour  of  worts  or  beer,  or 
any  liquor  or  preparation  heretofore  or  hereafter  made  use  of  fox- 
darkening  the  colour  of  worts  or  beer,  or  any  molasses,  or  other 
articles,  as  mentioned  in  the  first  section,  for,  or  as  a substitute 
for  malt  or  hops  respectively j and  if  any  druggist,  or  vendor  of, 
or  dealer  in  drugs,  or  any  chemist,  or  other  person  whatever  shall 
so  do ; all  such  liquor  called  coloiu-ing,  and  material  or  prepara- 
tion for  the  purpose  aforesaid,  and  liquor  and  preparation  used  for 
darkening  the  colour  of  worts  or  beer,  molasses,  and  article  or 
preparation  to  be  used  as  a substitute  for  malt  or  hops,  shall  be 
forfeited,  and  may  be  seized  by  any  officer  of  excise,  and  the 
druggist,  vendor,  dealer,  chemist,  or  other  person  so  offending 
shall  forfeit  500?.’ 

By  the  Act  1 Will.  IV.  c.  51,  for  the.  repeal  of  the  ale  and 
beer  duties,  it  is  enacted,  § 17 : ‘ That  no  brewer  shall  have  in  his 
brewery,  or  in  any  part  of  his  entered  premises,  or  in  any  mill 
connected  with  such  brewery,  any  raw  Or  unmalted  corn  or  grain  ; 
and  all  unmalted  corn  or  grain  which  shall  be  found  in  such 
brewing  premises  or  mill,  and  all  malted  corn  or  grain  with 
which  such  unmalted  corn  or  grain  may  have  been  mixed,  shall 
be  forfeited,  and  may  be  seized  by  an  officei-,  with  all  vessels  or 
pad nages  in  which  such  raw  or  unmalted  corn  or  grain  shall  be 
contained,  or  in  which  such  unmalted  corn  or  grain,  and  the 
malted  com  or  grain  with  which  the  same  may  have  been  mixed 
shall  be  contained  ; and  every  brewer  shall  for  every  such  offence 
forfeit  7.001.' 

Most  of  the  substances  enumerated  above  are  perfectly 
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harmless ; two,  however,  are  particularly  objectionable,  viz.. 
picric  acid  and  coccidus  indicus,  especially  the  latter,  which  con- 
tains a very  poisonous  substance,  viz.  picrotoxin. 

With  regard  to  burnt  sugar  or  treacle,  which  are  sometimes 
added  to  porter  to  give  it  colour  and  body,  their  use  is  now 
legalized,  and  they  can  therefore  no  longer  be  regarded  as 
adulterations. 

Picric  Acid. — This  adulteration  may,  according  to  Lassaigxe,. 
be  detected  thus : — The  beer  is  to  be  agitated  with  a solution  of 
subacetate  of  lead  in  excess.  This  throws  down  a precipitate 
consisting  of  the  bitter  and  most  of  the  colouring  matter  of  the  hop  ; 
whilst  picric  acid,  if  present,  is  unaffected  by  this  re-agent,  and 
therefore  remains,  communicating  its  peculiar  taste  to  the  liquid. 
Another  test  is  to  treat  the  beer,  evaporated  to  half  or  a quarter  of 
its  bulk,  with  subacetate  of  lead,  or  to  shake  it  up  with  powdered 
animal  charcoal.  Pure  beer  is  thereby  almost  wholly  discoloured  ; 
but  if  picric  acid  is  present,  the  filtered  liquid  retains  its  yellow 
colour.  This  reaction  is  very  delicate,  sufficing  to  detect  i part  of 
picric  acid  in  12,000  or  18,000  parts  of  beer.  According  to  Poul, 
a still  more  delicate  test  for  picric  acid  is  obtained  by  immersing 
unbleached  sheeps’  wool,  or  any  fabric  made  therewith,  in  the 
beer,  boiling  for  six  or  ten  minutes,  and  then  washing  the  wool. 
If  the  beer  is  pure,  the  wool  remains  white;  but  if  picric  acid  is 
present,  even  to  the  amount  of  only  1 part  in  125,000,  the  wool 
then  appears  of  a canary  yellow  colour,  pale  or  dull  according  to 
the  quantity. 

Coccidus  Indicus. — T.  J.  IIekapath’s  test  for  the  detection  of 
the  active  principle  of  this  substance  is  based  upon  the  property 
which  charcoal  possesses  of  separating  picrotoxin  from  its  aqueous 
solution.  An  excess  of  acetate  of  lead  is  added  to  the  beer  in  order 
to  throw  down  the  liumulin  and  other  extractive  matters ; the 
precipitate  is  removed  by  filtration,  and  the  excess  of  lead  in  the 
filtrate  removed  by  sulphuretted  hydrogen.  After  filtration  the 
solution  is  boiled,  then  slowly  evaporated  until  the  residue  assumes 
a thick  consistency,  and  a small  quantity  of  pure  animal  charcoal 
agitated  with  it  for  a few  minutes. 

When  cool  the  solution  is  filtered,  and  the  charcoal  containing 
the  picrotoxin  washed  with  the  smallest  quantity  of  water,  then 
dried  at  21 20  F.  After  all  the  moisture  has  been  expelled,  the 
charcoal  is  boiled  with  some  pure  alcohol  to  dissolve  the  alkaloid, 
the  solution  is  filtered  and  evaporated,  and  the  picrotoxin  per- 
mitted to  crystallize  spontaneously.  If  present  in  large  quantities, 
it  is  deposited  in  fine  well-formed  prisms  ; if  in  small  quantity,, 
only  in  long  radiating  needles. 
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Mineral  Adulterations. — Should  these  he  suspected,  their  pre- 
sence may  he  proved  by  evaporating  the  beer  to  dryness,  and 
incinerating  the  residue  in  a platinum  capsule  or  basin,  till  the 
■whole  of  the  organic  matter  is  destroyed,  then  dissolving  the  ash 
in  as  small  a quantity  of  hydrochloric  acid  as  possible,  and  testing 
— for  iron  with  sulphocyanide  of  potassium,  which  will  give  a 
blood  red  coloration  if  that  metal  be  present — for  lime  by  the 
addition  of  ammonia  and  oxalate  of  ammonium,  which  will  cause 
a white  precipitate.  Should  common  salt  be  suspected,  it  may  be 
proved  by  dissolving  a portion  of  the  ash  in  water,  filtering,  and 
adding  nitric  acid  and  nitrate  of  silver ; from  the  bulk  of  the  pre- 
cipitated chloride  of  silver  the  presence  or  absence  of  salt  is 
inferred.  Some  chlorides  are  naturally  present,  so  that  the  forma- 
tion of  a slight  opalescence  does  not  prove  the  adulteration. 
Should  alum  be  present,  it  will  precipitate  in  the  form  of  white 
flocculi  on  adding  ammonia  to  the  solution  when  testing  for  lime. 

BEESWAX.  See  Wax. 

bell  imlETAIi.  See  Bronze. 

BENJAMIN.  See  BENZOIN. 

BENZOIN  (Benjamin,  Frankincense). — Benzoin  is  a 
resin  extracted  by  incision  from  a tree  (Sty rax  benzoin),  and  is  met 
with  in  commerce  in  large,  irregular,  brittle  lumps ; its  fracture 
offers  a mixture  of  white,  red,  and  brown  veins  or  spots  of  various 
sizes,-  but  the  worst  quality,  called  foot,  is  almost  exclusively 
brown,  and  full  of  vegetable  stalks,  sand,  and  other  impurities. 

The  best  quality,  when  broken,  has  the  appearance  of  white 
marble,  but.  is  seldom  met  with. 

The  value  of  the  article  may  be  estimated  from  the  quantity 
of  benzoic  acid  obtained. 

Good  benzoin  contains  from  15  to  18  per  cent,  of  benzoic  acid, 
which,  according  to  Stoltze,  may  be  extracted  as  follows  : — 

Dissolve  a given  weight  of  the  resin  in  three  parts  in  weight 
of  alcohol,  pour  the  solution  into  a retort,  and  add  thereto  a 
solution  of  carbonate  of  sodium  in  eight  parts  of  water,  with  three 
parts  of  alcohol,  until  the  alcoholic  solution  of  the  benzoin  is 
exactly  neutralized ; that  is,  until  it  ceases  to  have  an  acid  reaction, 
which  is  known  when  it  begins  to  turn  reddened  litmus  paper 
blue.  A quantity  of  water,  equal  to  double  the  weight  of  the 
resin  operated  upon,  is  then  added  to  the  liquor,  the  alcohol  is 
distilled  off,  and  the  liquor  which  remains  in  the  retort  contains 
the  benzoic  acid  and  the  resin.  The  latter  is  removed  by  decant- 
ing the  liquor,  and  washed ; on  weighing  it,  it  is  found  to  be  equal 
to  80  or  82  per  cent,  of  the  benzoin  employed,  if  pure.  The 
liquor  decanted  from  the  resin  is  then  treated  by  dilute  sulphuric 
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acid,  in  order  to  precipitate  tlie  benzoic  acid,  which  may'  be 
collected  on  a filter,  well  washed  with  cold  water,  and  weighed. 

Bat  the  value  of  benzoin  may  also  be  ascertained  by  the 
quantity  of  benzoic  acid  obtained  from  it  by  sublimation.  Several 
processes  may  be  employed,  but  that  described  by  M.  Hatchett 
is  perhaps  the  most  easy.  It  consists  in  digesting  a given  weight 
of  the  benzoin  in  sulphuric  acid,  and  then,  by  applying  heat,  a 
sublimate  of  benzoic  acid  is  obtained. 

BBNZOIC  ACID  (Flowers  of  Benzoin). — Pure  Benzoic 
acid  is  white,  but  it  often  has  a brownish  tinge,  owing  to  the 
presence  of  a certain  quantity  of  resin,  which  sometimes  is  con- 
siderable. Pure  benzoic  acid  is  odourless,  but  it  generally  has  a 
slight  odour  of  incense  or  of  vanilla,  especially  when  it  has  been 
obtained  by  sublimation,  which  is  generally  the  case.  It  should 
volatilize  completely  when  heated,  and  be  entirely  soluble  in 
alcohol,  and  likewise  in  boiling  water  ; but  the  latter  solution  on 
cooling  stiffens  into  a solid  mass,  because  the  acid  is  only  sparingly 
soluble  in  cold  water.  Benzoic  acid  is  also  dissolved  by  a solu- 
tion of  potash  and  by  lime  water,  from  which  solutions  it  may  be 
immediately  reprecipitated  by  an  addition  of  muriatic  acid. 
These  reactions  are  peculiar,  and  enable  the  operator  to  separate 
easily  any  impurities  or  admixtures  which  may  contaminate  this 
article. 

When  benzioc  acid  contains  resin,  it  often  exhales  an  odour  of 
prussic  acid  when  boiled  with  nitric  acid,  and  the  benzoic  acid 
which  crystallizes  in  cooling,  instead  of  a feebly  acid,  has  a bitter 
taste. 

BICARBONATE  of  POTASSIUM.  See  POTASSIUM. 

BICARBON  ATE  of  SODIUM.  See  SODIUM. 

BICHLORIDE  of  MERCURY  (Corrosive  Sublimate). 

See  Mercury. 

BINOXALATE  of  POTASSIUM  (Salt  of  Sorrel).  See 

Potassium. 

BISMUTH. — The  bismuth  of  commerce  is  generally  imported 
from  Saxony;  but  it  is  smelted  also  in  Bohemia,  Carynthia, 
Sweden,  and  Norway.  England  possesses  also  a few  mines  of 
that  metal. 

Bismuth  being  very  fusible  and  generally  found  native,  its 
separation  from  the  gangue  or  matrix  is  exceedingly  simple  and 
easy.  The  ore  is  simply  broken  to  pieces,  put  into  a crucible,  and 
exposed  to  a red  heat.  After  a while  the  metal  is  found  agglo- 
merated at  the  bottom  of  the  crucible,  or  else  the  ore  is  charged 
in  cylinders  of  cast  iron,  slightly  inclined,  and  heated  therein. 
The  bismuth  soon  runs  from  its  gangue  and  flows  into  pans  which 
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are  placed  at  the  lower  end  of  the  cylinder.  Whichever  way 
bismuth  is  obtained,  that  of  commerce  is  never  pure ; it  is  con- 
taminated by  sulphur , arsenic,  lead,  silver,  iron,  tin,  See.  The 
analysis  of  the  metal  may  be  performed  as  follows : — 

Put  into  a crucible  a given  weight  of  the  bismuth  to  be 
examined,  and  fuse  it  therein  with  one-tenth  part  of  its  weight  of 
nitrate  of  potassium,  in  order  to  convert  the  sulphur  and  the 
arsenic  into  sulphate  and  arseniate  of  potassium,  which  may  then 
be  eliminated  by  washing  with  water;  these  compounds  being 
soluble  in  this  menstruum. 

The  bismuth  which  is  now  left,  and  which  may  contain  lead, 
silver',  tin,  See.,  is  boiled  in  nitric  acid,  which  oxydizes  the  tin  and 
leaves  it  in  an  insoluble  state;  it  may  then  be  collected  on  a 
filter,  washed,  ignited,  and  weighed. 

The  filtrate  should  next  be  treated  by  a slight  excess  of  solu- 
tion of  carbonate  of  potassium  ; a solution  of  cyanide  of  potassium 
is  then  added,  and  the  whole  is  digested  at  a gentle  heat  for  some 
time.  The  lead  and  the  bismuth  which  have  been  precipitated 
by  the  carbonate  of  potassium  are  left  in  an  insoluble  state,  but 
the  silver  is  taken  up  and  remains  in  solution  in  the  state  of 
double  cyanide  of  silver  and  of  potassium.  The  whole  is  thrown 
on  a filter;  the  carbonate  of  lead  and  of  bismuth  on  the  filter  may 
then  be  dissolved  in  acetic  acid,  and  a blade  of  pure  lead, 
previously  weighed  with  great  accuracy,  should  be  completely 
immersed  in  the  acetic  acid  solution.  The  flask,  containing  the 
solution  and  the  blade  of  lead  immersed  therein,  is  to  be  corked  up, 
and  the  whole  is  left  at  rest  for  several  hours.  The  bismuth  is 
gradually  thrown  down  in  the  metallic  state  by  the  lead,  and 
when  the  whole  of  the  bismuth  has  separated,  the  blade  of  lead  is 
removed,  washed,  dried,  and  weighed.  The  bismuth  is  then  col- 
lected on  a filter,  washed  with  pure  water  (previously  boiled  and 
cooled  out  of  the  contact  of  the  air) ; it  is  then  re-dissolved  in 
nitric  acid,  and  an  excess  of  a solution  of  carbonate  of  ammonium 
is  then  poured  in ; the  whole  is  heated  for  a short  time,  by  which, 
means  the  oxide  of  bismuth  is  completely  separated : it  is  then 
washed,  dried,  ignited  in  a porcelain  crucible,  and  weighed.  The 
filter  should  be  burnt  separately  on  the  cover  of  the  crucible,  and 
the  ashes  are  returned  to  the  mass  to  be  weighed. 

The  solution  of  lead  which  was  filtered  from  the  precipitated 
bismuth  is  neutralized  with  ammonia  and  treated  by  oxalate  of 
ammonium  in  order  to  precipitate  the  lead  in  the  state  of  oxalate 
of  lead,  which  is  then  collected  on  a filter,  washed,  and  ignited  in 
a small,  open,  and  counterpoised  porcelain  crucible,  by  which 
treatment  it  is  converted  into  protoxide  of  lead,  from  which  the 
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■weight  of  the  lead  in  the  compound  may  he  calculated.  The  loss 
of  weight  sustained  by  the  blade  of  lead  employed  indicates  how 
much  oxide  of  lead  should  be  subtracted  from  the  total  weight  of 
the  protoxide  of  lead  obtained.  112  parts  in  weight  of  protoxide 
of  lead  = 104  of  metallic  lead. 

The  filtrate  separated  from  the  precipitate  at  first  produced  by 
carbonate  of  potassium,  and  which  contains  the  silver  in  the  state 
of  double  cyanide  of  silver  and  potassium,  should  be  mixed  with  an 
excess  of  dilute  nitric  acid,  and  gently  heated.  The  silver  is  thereby 
precipitated  in  the  state  of  cyanide  of  silver,  which  is  collected  on 
a filter,  washed,  dried  at  a steam  heat,  and  weighed.  100  grains 
of  cyanide  of  silver  = 8o-6  silver.  The  silver  may  also  be  separated 
by  cupellation.  ( See  Silver.) 

BITARTRATE  OF  POTASSIUM.  See  POTASSIUM. 

BLACK  BATtfB.  See  Ibon  Obes. 

BBACSi  7ACK.  See  Zinc  Obes. 

EXATTC  IEANGE.  See  BONBONS,  SwEATMEATS,  LiQEETTES, 
Lozenges,  &c. 

The  following  substances  should  never,  under  any  pretence , nor 
in  any  quantity , be  used  for  colouring  jellies,  sweatmeats,  &c.,  or 

Arsenite  of  copper. 

Acetate  and  arsenite  of 
copper. 

Hydrated  basic  carbonate 
of  copper. 

Acetate  of  copper. 

Cobaltate  of  zinc. 

K 

Chromate  of  lead. 

Sulphide  of  arsenic. 

Iodide  of  lead. 

Oxide  of  lead. 

Sulphide  of  mercury. 

Carbonate  of  copper  and 
calcium. 

In  fact,  all  mineral  pigments,  except  Prussian  blue,  are  more  or 
less  dangerous,  and  therefore  should  not  be  employed  for  colouring 
edible  substances. 


any  article  of  food  whatsoever : — 

Queen — Emerald  green  . ") 
Scheele’s  green  . J 
Schweinfurt’s  green 

Green  verditer 


Verdigris  . . 

Pin  man’s  green 
Yellow — Gamboge. 

Chrome  yellow 
Orpiment  . . 

Patent  yellow 
Turner’s  yellow 
Cassel’s  yellow 
Ped — Red  lead  . 
Minium 
Cinnabar  . 
Vermilion 

Blue — Blue  verditer 


} 

} 

} 
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The  colouring  substances  which  may  be  employed  with  perfect 
safety  by  confectioners,  liqueur-makers,  and  others,  for  the  pur- 
poses mentioned,  are  the  following  : — 

Blue  Colours  : — 

Pulverised  indigo. 

Sulphate  of  indigo. 

Prussian  blue. 

These  substances  are  readily  miscible  with  all  the  other  colours 
in  which  blue  forms  a constituent  part  5 as,  for  example,  with 
yellow  to  make  green,  and  with  red  to  make  purple. 

Yellow  Colours  : — 

Saffron. 

Turkey  yellow  berries. 

Persian  yellow  berries. 

Quercitron. 

Pustic. 

Aluminous  lakes  of  the  above  woods. 

The  yellow  colour  obtained  from  some  of  the  above  substances, 
and  especially  from  Turkey  yellow  berries  and  Persian  berries,  is 
more  brilliant  than  that  imparted  by  chrome  yellow,  which  is  a 
poison. 

Red  Colours  : — 

Cochineal. 

Carmine. 

Carmine  lake. 

Brazil-wood  lake. 

. Madder  lake. 

COMPOUND  COLOURS. — Green  Colours. — A green  colour 
may  be  produced  by  mixing  one  of  the  blue  colours  with  one  of 
the  yellow  colours  above-mentioned,  but  the  brightest  green  is 
that  produced  by  Prussian  blue  and  Persian  berries ; the  colour 
thus  produced  is  as  beautiful  as  Schweinfurt  green,  which  is  a 
poison. 

Purm-e  Colours. — A purple  colour  may  bo  produced  by 
mixing  one  of  the  blue  colours  with  one  of  the  red  colours  above 
mentioned ; any  variety  of  tint  may  bo  thus  obtained. 

A decoction  of  logwood  produces  a good  violet  or  purple 
colour. 

A purple  dahlia  colour  may  be  obtained  by  mixing  carmine 
lake  with  Prussian  blue. 

As  to  the  coloured  papers  which  are  sometimes  used  as 
wrappers,  the  most  dangerous  are  those  of  a line  green  or  of  a 
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light  blue  colour,  produced  by  means  of  metallic  pigments,  and 
which,  when  in  contact  with  soft,  moist,  or  greasy  substances,  such 
as  lard,  butter,  cheese,  sweetmeats,  caramel,  sugar-plums,  &c., 
may  impart  to  them  a portion  of  their  colouring  matter,  and  thus 
be  the  cause  of  serious  or  even  fatal  accidents. 

Dr.  Rased  ON,  of  Mersburg,  has  directed  the  attention  of 
medical  men  to  the  danger  of  using  Scheele’s  green,  either  in 
painting  walls  or  in  staining  paper-hangings.  He  thinks  that  by 
the  agency  of  moisture  a certain  amount  of  arsenuretted  hydrogen 
is  evolved,  which  materially  interferes  with  the  purity  of  the  air. 
According  to  Dr.  Rasedon,  pseudo-rheumatic  pains,  neuralgia, 
cough,  lassitude,  and  emaciation,  are  produced  by  that  state  of  the 
air,  and  these  affections  get  worse  with  an  increase  of  moisture 
either  in  the  room  or  atmosphere. 

The  glazed  paper  and  cards  known  as  enamel  paper,  and  cards 
such  as  are  used  now  generally  as  cards  of  visit,  are  prepared  with 
carbonate  of  lead  (white  lead),  which  is  a poison. 

Detection  of  Mineral  Colouring  Matter  in  Sweetmeats,  Sugar-plums, 
and  other  Edible  Substances. 

All  the  mineral  preparations  above  mentioned,  being  insoluble 
in  water,  may  be  isolated  by  digesting  the  suspected  articles  in 
water,  which  dissolves  the  sugar.  The  whole  being  left  at  rest, 
the  insoluble  matter  settles  at  the  bottom,  and  may  be  separated 
by  decantation,  filtering,  washing,  and  drying  at  a gentle  heat. 

Scheele's  green,  or  emerald  green,  or  arsenite  of  copper,  Schwein- 
furt  green,  ’which  is  a mixture  of  acetate  and  arsenite  of  copper, 
are  easily  recognized  as  arsenical  compounds  by  the  garlic  odour 
which  they  evolve  when  thrown  upon  ignited  charcoal,  or  when 
mixed  with  carbonate  of  sodium  and  heated  before  the  blow-pipe 
upon  charcoal. 

The  presence  of  arsenic  may  also  be  rendered  evident  in  the 
following  manner  : — Take  a glass  tube,  free  from  lead,  and  draw 
it  to  a point  about  one  inch  long,  so  that  the  internal  diameter  of 
that  part  be  about  the  size  of  a strong  knitting-kneedle,  as  here 
represented.  (Fig.  12.) 

A small  portion  of  the  insoluble  matter  previously  dried,  and 
which  needs  not  be  more  considerable  than  O'l  or  even  o'Oi  of  a 
grain,  is  then  carefully  introduced  at  the  bottom  or  closed  end  of 
the  tube,  and  a splinter  of  charcoal  b,  is  then  dropped  upon  it. 
The  best  charcoal  for  the  purpose  is  that  which  is  sold  in  long, 
thin,  porous  sticks,  and  is  used  by  artists  for  sketching.  This 
done,  the  operator  thrusts  into  the  flame  of  the  spirit-lamp  that 
portion  b of  the  tube  where  the  charcoal  lies,  and  when  it 
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becomes  recl-liot,  he  immediately  heats  the  pointed  parts  which 
contains  the  arsenical  compound.  The  arsenious  acid,  in  passing 
over  the  ignited  piece  of  charcoal,  is  reduced,  and  a ring  of 
metallic  arsenic  is  first  formed  at  c,  which  may  he  shifted  to  d, 
and  then  back  again  to  c,  by  exposing  these  parts  successively  to 
the  heat  of  the  flame  of  the  spirit-lamp.  The  ring  of  metallic 
arsenic  having  been  shifted  back  into  c,  the  tube  may  be  cut  off  at 


Fig.  12. 


that  point  by  a file,  and  on  applying  heat,  the  odour  of  garlic, 
which  is  characteristic,  becomes  immediately  perceptible,  and  thus 
indicates  the  presence  of  arsenic  beyond  possibility  of  doubt. 

Paper  which  has  been  coloured  with  Scheele’s  green  may  also 
be  rolled  up  into  a ball  and  introduced  in  the  bulbous  end  of  the 
tube  represented  in  Fig.  13,  and  treated  in  the  same  manner ; the 
charcoal  of  the  paper  is  sufficient  to  reduce  the  arsenic,  and 


Fig.  13. 


a metallic  mirror  is  then  obtained.  It  is  difficult,  however,  to 
detect  the  presence  of  arsenic  by  treating  the  suspected  paper 
in  this  manner,  because  an  empyreumatic  oil  passes  over  with 
the  fumes,  and,  condensing  on  the  sides  of  the  glass,  masks  the 
metallic  mirror.  It  is  therefore  better  to  treat  the  paper  by 
moderately  diluted  hydrochloric  acid,  which  dissolves  the  pig- 
ment, and  the  solution  may  then  be  tested  for  arsenic  by  Marsh’s 
apparatus. 
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Or  the  dry  residuum  above  mentioned  may  be  mixed  with  a 
little  blach  flux,  and  heated  in  a tube  closed  at  one  end.  (Fig.  12.) 
If  arsenic  is  present,  a metallic  mirror  of  the  metal  will  be  formed 
at  c. 

If  the  powder  which  remains  in  an  insoluble  state,  after  diges- 
tion in  water,  contains  any  oxide  of  copper,  the  addition  of  aqueous 
ammonia  will  produce  a solution  of  a beautiful  blue  colour. 

Paper  which  has  been  coloured  with  oxide  of  copper  is 
decolourized  when  touched  with  a solution  of  ammonia ; or  if  the 
paper  be  put  into  a glass,  and  aqueous  ammonia  poured  upon  it,  a 
solution  of  a beautiful  blue  colour  is  obtained.  Moreover,  paper 
which  has  been  coloured  with  a salt  of  copper  burns  with  a green 
flame. 

Or  the  dry  residuum,  or  the  paper,  may  be  treated  by  dilute 
sulphuric  acid  and  filtered.  If  a portion  of  the  filtrate,  being 
tested  with  ammonia,  produce  a blue  colour,  or  with  solution  of 
ferocyanide  of  potassium  a reddish  brown  precipitate,  it  is  a 
sign  that  copper  is  present.  A bar  of  iron,  perfectly  bright  and 
clean,  such  as  for  example  the  blade  of  a knife,  is  also  an  excel- 
lent test  for  copper;  the  blade  being  plunged  in  the  solution  will, 
after  a short  time,  become  coated  with  metallic  copper,  if  that 
metal  be  present. 

If  the  colouring  matter  be  Rinmaris  green  (cobaltate  of  zinc), 
it  may  be  ascertained  by  dissolving  the  dry  residuum,  insoluble  in 
water,  in  an  excess  of  acetic  acid,  and  passing  a stream  of 
sulphuretted  hydrogen  through  the  solution,  which  will  produce 
a white  precipitate  of  sulphide  of  zinc,  whilst  the  cobalt  will 
remain  in  solution.  The  white  precipitate  may  be  identified  as 
sulphide  of  zinc,  by  redissolving  it  in  muriatic  acid,  and  leaving 
it  to  digest  until  all  odour  of  sulphuretted  hydrogen  has  vanished, 
filtering,  adding  an  excess  of  ammonia,  which  will  redissolve  the 
white  precipitate  at  first  produced  by  it,  filtering  again,  if  neces- 
sary, and  adding  hydrosulphuret  of  ammonia  to  the  strongly 
ammoniacal  solution,  which  will  reprecipitate  the  zinc  in  the  state 
of  white  sulphide  of  zinc,  which  is  insoluble  in  any  excess  of 
that  re-agent.  In  fact,  when  a white  precipitate  is  produced  by 
hydrosulphuret  of  ammonia  in  a clear  and  colourless,  strongly 
ammoniacal,  or  alkaline  solution,  it  is  always  owing  to  the  pre- 
sence of  zinc. 

The  liquor  which  was  filtered  from  the  white  precipitate  of 
sulphide  of  zinc,  produced  in  the  first  instance  by  the  stream  of 
sulphuretted  hydrogen,  and  which  contains  the  acetate  of  cobalt, 
has  a pink  colour,  and  yields  by  evaporation  a deliquescent  resi- 
duum of  a purple  or  blue  colour. 

Yellow  Colours. — If  chromate  of  lead  has  been  used  to 
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impart  a yellow  colour  to  the  suspected  article,  it  may  be  easily 
detected  iu  the  dry  residuum  mentioned  before,  as  follows : — 

A portion  of  the  dry  residuum  should  be  mixed  with  fused 
borax,  and  if  chrome  be  present,  a bead  of  an  emerald  green  colour 
will  be  obtained  by  fusion  before  the  blow-pipe.  If,  on  the  other 
hand,  another  portion  of  the  residuum  be  mixed  with  soda,  and 
heated  upon  charcoal  in  the  reducing  flame  of  the  blow-pipe, 
globules  of  lead  will  be  obtained. 

Chromate  of  lead  may  also  be  detected  by  boiling  a portion  of 
the  dry  residuum  in  solution  of  carbonate  of  potassium,  by  which  it 
becomes  converted  into  chromate  of  potassium  of  a light  or  lemon 
yellow  colour.  The  addition  of  a few  drops  of  nitric  acid  converts 
it  into  bichromate  of  potassium,  and  the  solution  assumes  an 
orange  yellow  colour.  To  a portion  of  this  solution  add  a few 
drops  of  acetate  or  of  nitrate  of  lead ; this  will  produce  a yellow 
precipitate  of  chromate  of  lead,  soluble  in  caustic  potash.  If, 
instead  of  nitrate  or  of  acetate  of  lead,  solution  of  nitrate  of  silver 
be  employed,  a carmine  red  precipitate  of  chromate  of  silver  will 
appear ; if  the  solution  does  not  contain  an  excess  of  acid,  the  pre- 
cipitate is  purple. 

All  the  oxides  and  salts  of  lead  may  be  easily  recognized  by 
means  of  the  blow-pipe  upon  charcoal ; because,  when  thus  heated 
in  the  reducing  flame,  globules  of  metallic  lead  are  immediately 
obtained.  The  reduction  of  lead  is  so  easily  effected,  that  ignition 
is  of  itself  sufficient  to  accomplish  it ; for  if  paper  or  cards,  glazed 
or  enamelled  with  carbonate  of  lead,  are  set  fire  to,  the  operator 
may  observe,  first,  that  near  the  inflamed  point  a yellow  coating 
is  produced,  which  is  oxide  of  lead,  and  by  looking  carefully  at 
the  carbonized  or  charred  portion  of  the  paper,  a great  number  of 
minute  globules  of  metallic  lead  may  be  seen. 

Carbonate  of  lead  being  a poison,  it  is  of  course  dangerous  to 
use  paper  enamelled  or  glazed  with  that  substance,  as  wrappers 
for  articles  of  food.  There  are  examples  of  children  having  been 
poisoned  by  chewing  or  sucking  such  cards. 

The  presence  of  orpiment  is  recognized  in  the  dry  residuum  by 
heating  a portion  of  it  to  redness  on  a strip  of  platinum  foil,  in 
which  case  it  will  burn  with  a pale  blue  flame,  and  evaporate 
completely.  Thebe  st  test,  however,  of  the  presence  of  orpiment, 
is  its  conversion  into  metallic  arsenic,  which  is  done  as  follows  : — 
The  sulphide  of  arsenic  {orpiment),  or  the  dry  residuum  supposed 
to  contain  it,  is  placed  at  the  end  a of  the  tube  shown  in  Fig. 
14,  and  above  it  a suitable  quantity  of  recently  charred  tartrate 
of  calcium  is  added.  The  portion  of  the  tube  containing  the  charred 
tartrate  of  calcium  must  be  heated  to  redness  by  means  of  an  argand 
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spirit  lamp,  and  when  red-hot,  the  end  a of  the  tube  containing 
the  orpiment  is  brought  into  the  flame  of  the  lamp.  The  fumes 
of  the  sulphuret  of  arsenic,  traversing  then  the  red-hot  mixture  of 
lime  and  charcoal,  are  decomposed,  the  sulphur  combines  with 


Fig.  14. 


the  lime,  forming  sulphide  of  calcium,  oxide  of  carbon  is  disen- 
gaged, and  a ring  of  metallic  arsenic  is  deposited  at  b.  Care  must 
be  taken  that  the  charred  tartrate  of  calcium  be  hot  enough,  for 
the  sulphide  of  arsenic  might  otherwise  be  sublimed  without 
decomposition.  Instead  of  tartrate  of  calcium,  oxalate  of  calcium, 
mixed  with  a little  carbonate  of  ammonium,  may  be  used. 

Gamboge  is  recognized,  because  the  solution  of  the  sweetmeats 
under  examination  retains  a yellow  tinge,  gamboge  being  partially 
soluble  in  water.  The  best  method  of  identifying  this  substance 
consists  in  digesting  the  sweetmeats  in  rectified  alcohol,  and 
•adding  water  to  the  filtered  alcoholic  solution,  by  which  the  resin 
of  that  gum  will  be  precipitated.  If  it  be  now  moistened  with 
ammonia,  it  will  assume  a red  colour. 

Chloride  of  lead,  red  lead,  and  other  preparations  of  lead,  may 
be  detected  exactly  in  the  same  manner  as  chrome  yellow,  by  the 
blow-pipe,  by  which  means  a bead  of  metallic  lead  may  be 
obtained ; or  the  residuum  may  be  treated  by  nitric  acid  and 
filtered.  The  filtrate  being  then  tested  with  solution  of  sulphate 
of  sodium,  will  produce  a white  precipitate  of  sulphate  of  lead ; 
if,  instead  of  sulphate  of  sodium,  it  be  tested  with  iodide  of 
potassium,  a yellow  precipitate  of  iodide  of  lead  will  fall  down. 
Or,  if  a stream  of  sulphuretted  hydrogen  be  passed  through  the 
filtrate,  a black  precipitate  of  sulphide  of  lead  will  be  produced. 

Cinnabar,  or  vermilion,  may  be  detected  by  dissolving  the 
residuum  in  aqua  regia,  diluting  with  water,  filtering  and  test- 
ing with  chloride  of  barium,  which  will  then  produce  a white 
precipitate  of  sulphate  of  barium,  the  sulphur  of  the  sulphide 
of  mercury  (vermilion)  having  been  converted  into  sulphuric 
acid  by  the  action  of  the  aqua  regia.  Remember,  however, 
that  sulphides  always  yield  a portion  of  sulphuric  acid  when 
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treated  by  aqua  regia  or  nitric  acid,  and  therefore  this  test  is 
not  conclusive,  except  the  absence  of  other  sulphides  has  been 
previously  ascertained.  Another  way  consists  in  mixing  a portion 
of  the  red  sediment  with  soda  slightly  moistened,  and  introducing 
the  whole  into  a glass  tube  closed  at  one  end.  If  the  extremity 
of  the  tube  be  now  exposed  to  a red  heat,  the  mercury  will  be 
revived,  and  will  sublime  in  the  form  of  a grey  coating,  in  which 
the  presence  of  globules  of  mercury  may  be  rendered  apparent,  if 
not  already  so,  by  rubbing  with  a glass  rod.  The  vermilion  may 
also  be  identified  as  such  by  heating  it  without  soda  in  the  glass 
tube,  when  the  vermilion  will  sublime  without  alteration  in  the 
form  of  a red  powder. 

Toys  are  generally  coloured  or  painted  with  poisonous  sub- 
stances of  the  same  description  as  those  above  mentioned,  and 
fatal  accidents  have  happened  from  children  having  applied  them 
to  their  mouths. 

BLEACHING-  POWBER.  See  LlME,  ChLOBIDE  OE. 

blende.  See  Zinc  Oees. 

BLUE  CARBONATE  OP  COPPER.  See  COPPEE. 

BLUE  COPPERAS.  See  COPPEE. 

BLUE  VITRIOL.  See  COPPEE. 

BONBONS.  See  BLANC  MANGE. 

boracic  acib. — Boracic  acid  is  found  in  an  uncombined 
state  in  several  small  muddy  lakes  of  Tuscany  and  of  Sesso  called 
lagoni,  in  the  midst  of  which  small  craters  called  suffioni  are 
opening,  and  which  disengage  aqueous  vapours  charged  with 
boracic  acid,  borate  and  sulphate  of  ammonium,  of  iron,  and  other 
salts,  as  is  shown  in  the  analysis  of  the  boracic  acid  of  Tuscany,  by 
Paten,  which  we  reproduce  here : — 


Pure  crystallized  boracic  acid 
Sulphate  of  magnesium 
„ of  ammonium 
„ of  calcium 
Chloride  of  iron  . 

Alum  . 

Clay,  sand,  sulphur 
Hygroscopic  water  disengaged 
at  35°  centigrade  . 
Nitrogenized  organic  matter 
Sal  ammoniac 
Hydrochloric  acid 
Sulphuretted  hydrogen 
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According  to  the  above  analyses  the  boracic  acid  of  Tuscany 
contains,  therefore,  from  16  to  26  per  cent,  of  foreign  matter. 

The  best  way  of  estimating  the  value  of  boracic  acid  consists 
in  combining  it  with  a base — for  example,  with  soda — and  decom- 
posing the  borate  thus  formed  by  adding  sulphuric  acid,  exactly 
as  for  the  analysis  of  borax,  as  described  under  that  head. 

BORATE  OP  SODIUM.  See  BORAX. 

BORAX  (Borate  of  Sodium,  Tincal,  Pounxa,  Cryso- 
colla). — Borax  is  a combination  of  boracic  acid  with  sodium, 
which  is  found  in,  and  is  exported  chiefly  from,  India,  in  an 
impure  state,  and  is  naturally  covered  with  a kind  of  fatty  or 
soapy  matter.  In  that  impure  state  it  is  in  hexaedral  crystals, 
more  or  less  flattened,  of  a yellowish  or  green  colour,  and  it  is 
then  known  under  the  name  of  tincal,  or  of  crysocolla ; it  is  only 
after  purification  that  it  is  called  borax  ; it  is  then  white,  and  in 
slightly  efflorescent,  irregular  hexaedral  prisms,  slightly  styptic, 
and  has  an  alkaline  re-action  on  test-papers.  Borax,  however,  is 
manufactured  also  by  combining  directly  soda  with  native  boracic 
acid.  (See  Boracic  Acid.) 

The  assay  of  borax  may  be  made  very  easily  by  a process  con- 
trived by  Gay-Lussac,  and  similar  to  that  employed  in  alkalimetry. 
Since  sulphuric  acid  decomposes  borate  of  sodium  in  a complete 
manner,  if  we  employ  sulphuric  acid  of  a known  strength,  the 
quantity  which  will  have  been  required  to  decompose  a known 
weight  of  borax  will  indicate  the  quantity  of  soda  contained  in 
the  salt,  and  therefore  the  proportion  of  borax  which  corresponds 
to  that  quantity  of  soda  may  be  readily  calculated. 

The  modus  operandi  is  as  follows  : — 

Dissolve  ioo  grains  of  the  borax  under  examination  in  about 
i,ooo  grains-measure  of  pure  water,  with  the  help  of  heat,  and  add 
thereto  a few  drops  of  tincture  of  litmus,  so  as  to  impart  a blue 
tinge  to  the  solution.  This  done,  pour  into  an  alkalimeter  i,ooo 
grains-measure  of  test-sulplnu'ic  acid  of  specific  gravity  1-032 
(1,000  grains-measure  contain  1 equiv.  of  dry  acid,  and  can  there- 
fore neutralize  1 equiv.  of  each  base,  see  Alkalimetry),  and  add  it 
gradually  to  the  solution  of  the  borax.  The  solution  at  first 
assumes  a vinous  or  purple  hue,  and  at  last  one  or  two  drops  of 
the-  test-sulphuric  acid  in  excess  change  it  into  the  characteristic 
red  colour  which  indicates  that  the  point  of  saturation  is  obtained. 
In  order,  however,  to  detect  this  change  of  colour  more  easily, 
M.  Gay-Lussac  recommends  to  tinge  a similar  quantity  of  water 
with  litmus  to  redden  it,  with  two  drops  of  test-sulphuric  acid, 
and  to  compare  the  tint  of  this  liquor  with  that  of  the  solution  of 
borax  under  examination.  As  the  boracic  acid  contained  in  the 
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lot  solution  of  borax,  and  which  is  deposited  when  tlie  point  of 
saturation  is  obtained,  interferes  with  the  ready  appreciation  of 
the  changes  of  colour,  the  solution  should  be  allowed  to  cool 
before  adding  the  last  drops  of  acid.  When  the  tinge  produced 
in  the  borax  liquor  is  exactly  like  that  of  the  coloured  water  kept 
for  comparison,  the  operator  reads  off  the  number  of  divisions  of 
the  test-acid  employed,  and  then  calculates  therefrom  the  value  of 
the  borax  assayed.  The  indication  is  a little  too  high,  because  it 
is  necessary  to  pour  a little  excess  of  acid  to  produce  a distinct 
reddening,  and  therefore  it  is  customary  to  deduct  three  drops 
from  the  number  indicated  by  the  alkalimeter. 

The  number  of  divisions  represents  the  quantity  of  real  soda 
■contained  in  the  borax;  let  us  suppose,  then,  that  50  divisions 
have  been  required  to  decompose  the  100  grains  of  borax  analyzed  ; 
since  100  divisions  represent  one  equivalent,  or  32  of  soda,  it  is 
evident  that,  in  that  case,  only  one-half  equivalent,  or  16  of  soda, 
were  present  in  the  100  grains  of  borax. 

Now  pure  borax  consists  of — 


I 

equivalent  of  soda  . 

• = 32 

I 

„ of  boracic  acid 

. = 70 

10 

,,  of  water 

. = 90 

1 

equivalent  of  borax  = 

192 

The  operator  may  therefore  easil}r  calculate  what  quantity  of 
borax  corresponds  to  the  16  grains  of  soda  found  in  the  experi- 
jnent : — 

Soda.  Borax.  Soda.  Borax. 

32  : 12  : : 16  : x = 96 

In  the  case  above  alluded  to,  therefore,  the  sample  contains  96 
per  cent,  of  crystallized  borax. 

The  adulterations  of  borax  generally  consist  of  common  salt 
and  of  alum.  These  impurities  may  be  easily  detected;  the  first, 
by  solution  of  nitrate  of  silver,  which  will  immediately  produce  a 
white  curdy  precipitate  of  chloride  of  silver,  insoluble  in  dilute 
acids,  soluble  in  a slight  excess  of  ammonia,  and  which  may  be 
separated  by  filtering,  or  by  decantation  after  it  has  well  settled. 
The  presence  of  alum  is  recognized  by  the  white  bulky  precipitate 
which  ammonia  produces  when  poured  in  the  liquor,  which 
precipitate  is  soluble  in  a solution  of  caustic  potash.  The  adul- 
teration of  borax  with  alum  is  sometimes  so  considerable  that,  on 
adding  ammonia,  the  whole  solution  stiffens  into  a thick  jelly. 
When  this  is  the  case,  the  presence  of  alum  may  bo  readily 
-detected,  even  by  the  taste,  the  alum  having  a styptic  astringent, 
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slightly  acid  flavour,  -whilst  that  of  borax  is  sweetish  and  slightly- 
alkaline ; and  the  solution,  if  it  contains  alum,  reddens  the  tincture 
of  litmus,  whilst  that  of  borax,  on  the  contrary,  renders  reddened 
litmus  paper  blue  again.  If  the  borax  has  been  falsified  with 
one-tenth  part  of  its  weight  of  alum,  it  does  not  completely 
dissolve  in  water ; that  is  to  say,  the  liquor  remains  turbid,  and  a 
slight  whitish  sediment  settles  down  in  the  glass. 

BRANDY,  GIN,  RUSYE,  WHISKY. — Brandy,  gin,  rum,  &c. 
are  alcoholic  liquors,  obtained  from  the  distillation  of  certain 
fermented  substances.  Pure  brandy  is  obtained  from  the  distil- 
lation of  wine  ; has  a pungent,  agreeable  taste,  barely  recognizable, 
however,  in  the  mixture  of  alcohol  and  water  coloured  with  burnt 
sugar,  flavoured  with  pepper,  cayenne,  or  other  acrid  substances,  to 
make  believe  in  a strength  of  alcohol,  the  proportion  of  which  is 
attenuated  to  the  least  possible  amount. 

The  brandy  made  from  raisins,  corn,  potatoe,  kirschen,  barley, 
and  known  under  the  names  of  gin,  rum,  whisky,  &c.,  contain  a 
small  quantity  of  a peculiar  oil  to  which  they  owe  their  respective 
flavour.  All  these  liquors,  however,  are  often  adulterated  to  a 
great  extent,  the  endeavour  of  the  maker  being  always  to  reduce 
the  proportion  of  the  alcohol,  and  to  dissimulate  its  absence  by  the 
introduction  of  pungent  or  of  acrid  substances.  This  fraud  may 
be  easily  detected  by  simply  evaporating  at  a gentle  heat  a known 
quantity  of  the  liquor  to  dryness ; the  acrid  matter  will  then  be 
left  behind,  and  may  be  recognised  by  its  flavour. 

The  principal  and  most  esteemed  brandies  are  the  brandies  of 
Cognac,  Armagnac,  Languedoc,  Anjou,  Bordeaux,  Itochelle,  Char- 
enton,  Orleans,  Burgundy,  and  Champagne. 

Brandy,  when  newly  distilled,  is  white  but  that  met  with  in 
commerce  is  always  of  a yellowish,  brown,  or  dark  brown  colour, 
which  is  due  to  the  presence  of  some  extractive  matter,  and  of 
tannic  acid,  which  it  has  dissolved  from  the  oak-casks  in  which  it 
has  been  kept  for  a long  time.  But  in  order  to  simulate  this 
colour  of  genuine  brandy,  the  brandy  of  commerce  is  nothing  else 
than  new  brandy  or  alcohol,  at  once  converted  apparently  into  old 
brandy  by  means  of  caramel,  or  burnt  sugar. 

Genuine  French  brandy  has  always  an  acid  re-action  upon 
test-paper,  that  i3  to  say,  it  reddens  blue  litmus  paper,  because  it 
always  contains  a small  portion  of  vinegar,  and  when  treated  by  a 
persalt  of  iron,  it  turns  black,  owing  to  the  presence  of  tannic  acid ; 
but  new  brandy,  coloured  by  caramel,  is  not  altered  by  a solution 
of  persulphate  of  iron. 

The  proportion  of  alcohol  contained  in  brandy  may  be  deter- 
mined by  means  of  the  hydrometer,  or  of  the  specific-gravity 
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bottle,  in  the  manner  described  in  the  article  on  Alcohol,  or  by- 
distilling  a portion  of  the  sample  and  taking  the  specific-gravity  of 
the  distilled  portion.  This  must  always  be  done  when  the  brandy, 
being  mixed  with  sugar  or  other  matters,  the  operator  wishes  to 
ascertain  the  quantity  of  alcohol  present.  The  specific  gravity  of 
genuine  brandy  is  generally  from  0-9695  to  0-9237. 

In  1S24  M.  Gay-Lussac  invented  an  instrument  called  alco- 
holometer (alcometre  centesimal),  on  the  principle  of  the  hydro- 
meter. The  instrument,  when  immersed  at  150  centigrade  (590 
Fahrenheit)  in  a mixture  of  alcohol  and  water,  indicates  at  once 
the  quantity,  in  bulk,  of  alcohol  present  in  the  liquor.  The 
alcoholometer  is  divided  into  100  degrees,  and  is  so  contrived  that 
each  degree  represents  one  hundredth  part  of  anhydrous  or  pure 
alcohol.  Suppose,  for  example,  that  at  the  temperature  of  1 50  cen- 
tigrade (590  Fall.),  the  alcoholometer,  being  plunged  in  a sample 
of  brandy  at  that  temperature,  sinks  to  the  point  marked  50°,  it 
indicates  that  the  brandy  under  examination  consists  of  equal 
volumes  of  pure  alcohol  and  of  water.  By  means  of  such  an 
instrument,  therefore,  the  real  quantity  of  alcohol  contained  in  a 
given  quantity  of  spirit  can  immediately  be  determined  by  multi- 
plying the  volume  by  the  number  of  degrees  indicated  by  the 
immersion  of  the  instrument,  and  dividing  the  product  by  100. 
Thus,  if  a sample  from  a puncheon  of  brandy  containing,  for 
example,  135  gallons,  being  brought  to  1 50  centigrade,  indicates 
50°of  the  alcoholometer,  the  135  gallons  will  therefore  contain  67^ 
gallons  of  pure  alcohol — 

135  * 50  = 6750-4- 100 <=67-50, 

or,  which  is  the  same  thing — 

135  x 0-50  = 67-50. 

Had  the  alcoholometer  indicated  450,  then  the  135  gallons 
in  the  above  example  would  have  contained  6o|  gallons  of  pure 
alcohol. 

135x0-45  = 60-75  (see  Alcohol). 

Brandy  contains  sometimes  a small  quantity  of  lead,  from  the 
solder  employed  in  the  construction  of  stills  ; and  of  copper,  from 
the  still  itself.  Acetate  of  lead  (sugar  of  lead)  is  occasionally, 
though  rarely,  added  to  brandy,  for  the  purpose  of  facilitating  the 
clarifying  process.  The  brandy  so  treated  may  prove  exceedingly 
injurious  or  even  deadly,  acetate  of  lead  being  a poison. 

The  presence  of  copper  may  be  detected  by  filtering  a portion 
of  the  brandy  through  animal  charcoal,  in  order  to  decolorize  it ; 
ammonia  is  then  to  be  poured  into  tho  clear  liquor,  to  which  it 
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will  impart  a blue  tinge,  if  copper  be  present,  at  least,  in  sufficient 
quantity.  Several  hours  are  sometimes  requisite  to  determine  the 
appearance  of  this  colour.  The  presence  of  copper  may  also  be 
detected  by  immersing  at  once  a blade  of  perfectly  clean  iron  in 
the  brandy,  and  leaving  it  in  for  a few  hours,  when  it  will  be 
found  coated  with  a film  of  metallic  copper.  The  brandy  first  de- 
colorized by  animal  charcoal  may  also  be  tested  for  copper  by  a 
solution  of  ferrocyanuret  of  potassium  (yellow  prussiate  of  potash), 
which  will  then  produce  a brown  precipitate,  if  copper  be  pre- 
sent. 

The  presence  of  lead  is  detected  in  brandy  by  means  of  dilute 
sulphuric  acid,  or  of  a solution  of  sulphate  of  sodium,  which  will 
produce  a white  precipitate  of  sulphate  of  lead ; or  better  still,  by 
passing  a current  of  sulphuretted  hydrogen,  which  will  then  pro- 
duce a black  precipitate  of  sulphide  of  lead.  The  white  precipi- 
tate produced  by  dilute  sulphuric  acid,  or  by  solution  of  sulphate 
of  sodium,  becomes  black  when  moistened  by  hydrosulphuret  of 
ammonia.  If  the  quantity  of  the  precipitate  is  large  enough,  it 
may  be  mixed  with  a little  soda,  and  reduced  before  the  blow-pipe 
upon  charcoal.  A bead  of  metallic  lead  may  be  thus  obtained. 
(See  the  article  on  Alcohol .) 

An  instrument  called  ebidlioscope,  or  ebullition  alcoholometer , 
has  been  invented,  by  which  the  quantity  of  alcohol  contained  in 
brandy,  wines,  beer,  and  other  spirituous  liquors,  can  be  easily 
ascertained  in  the  course  of  a few  minutes.  The  instrument  is 
based  upon  the  fact  that  the  boiling  point  of  a spirituous  liquid 
is  scarcely  altered  by  the  presence,  in  moderate  quantities,  of  the 
substances  which  may  have  been  dissolved  in  it ; and  which,  in- 
creasing the  density  of  the  liquid,  render  ordinary  alcoholometers 
or  hydrometers  useless  for  the  purpose  of  indicating  its  alcoholic 
richness.  The  ebullioscope,  as  first  invented  by  M.  Brossard- 
Yidal,  modified  by  M.  Conaty  and  by  M.  Lerebotjrs,  has  been 
greatly  improved  by  Dr.  Ure,  who  published  the  following  obser- 
vations : — 

1 That  the  boiling  temperature  of  water  is  increased  by  holding 
neutro-saline  and  saccharine  substances  in  solution  has  been  long 
known,  and  has  been  the  subject  of  many  experiments,  made 
partly  with  the  view  of  ascertaining  from  that  temperature  the 
proportion  of  the  salt  or  sugar,  and  partly  with  the  view  of  obtain- 
ing a practical  liquid-bath.  But  it  seems  to  have  been  reserved 
for  the  Abbfi  Brossard-Vidal,  of  Toulon,  to  have  discovered 
that  the  boiling  temperature  of  alcoholic  liquors  is,  in  most  cases, 
proportional  to  the  quantity  of  alcohol,  irrespectively  of  the 
quantity  of  neutro-saline  or  saccharine  matter  dissolved  in  them. 
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When,  however,  such  a quantity  of  dry  carbonate  of  potash,  or 
sugar,  is  added  to  a spirituous  liquor  as  to  abstract  or  fix  in  the 
solid  state  a portion  of  the  water  present,  then  the  boiling  tem- 
perature of  that  mixture  will  be  lowered  in  proportion  to  the 
concentration  of  the  alcohol,  instead  of  being  raised,  as  would  be 
the  case  with  water  so  mixed.  But,  generally  speaking,  it  may  be 
assumed  as  a fact  that  the  boiling  point  of  an  alcoholic  liquor  is 
not  altered  by  a moderate  addition  of  saline,  saccharine,  or  extrac- 
tive matter.  On  this  principal  M.  Brossard-Vidal  constructed 
au  instrument  for  determining  by  that  temperature  the  proportion 
of  alcohol  present.  His  chief  object  was  to  furnish  the  Revenue 
Boards  of  France  with  a means  of  estimating  directly  the  propor- 
tion of  alcohol  in  wines,  so  as  to  detect  the  too  common  practice  of 
introducing  brandy  into  their  cities  and  towns  under  the  mask  of 
wine,  and  thereby  committing  a fraud  upon  the  octroi .* 

‘ M.  Brossard-Vidal’s  apparatus  consists  of  a spirit-lamp 
surmounted  by  a small  boiler,  into  which  a large  cylindric  glass 
bulb  is  plunged,  having  an  upright  stem  of  such  calibre  that  the 
quicksilver  contained  in  them  may,  by  its  expansion  and  ascent 
when  heated,  raise  before  it  a little  glass  float  in  the  stem,  which  is 
connected  by  a thread  with  a similar  glass  bead,  that  hangs  in  the 
air.  The  thread  passes  round  a pulley,  which,  turning  with  the 
motion  of  the  beads,  causes  the  index  to  move  along  a graduated 
circular  scale.  The  numbers  on  this  scale  represent  percentages 
of  absolute  alcohol,  so  that  the  number  opposite  to  which  the 
index  stops,  when  the  liquor  in  the  cylinder  over  the  lamp  boils 
briskly,  denotes  the  percentage  of  alcohol  in  it. 

1 M.  Brossard-Vidal’s  instrument  was  placed  in  my  hands 
several  months  ago  (Oct.  1847)  by  Mr.  Field,  who  had  obtained  a 
patent  in  this  country  for  determining  thereby  the  strength  of 
spirituous  liquors.  I made  a great  many  experiments  on  the 
boiling  points  of  alcohol  at  various  successive  degrees  of  watery 
dilution,  and  verified  the  general  utility  of  the  contrivance,  but  I 
found  the  construction  of  the  instrument  subject  to  several  defects. 
The  mass  of  mercury  to  be  heated  in  the  large  bulb  was  so  great 
as  to  occasion  some  loss  of  alcohol  in  the  course  of  the  experi- 
ment ; the  length  of  the  thread  was  liable  to  be  affected  by  the 
moisture  of  the  air  5 it  occasionally  failed  to  move  the  pulley  with 
sufficient  delicacy  on  account  of  friction,  and  when  the  spirit  in 
the  lamp  got  heated  in  its  case  it  flared  up  and  burnt  the  thread, 

* Octroi  is  the  name  of  certain  dues  which  are  levied  upon  certain  articles 
of  consumption  at  their  entry  in  town,  and  the  proceeds  of  which  are  applied 
to  the  various  public  wants  of  such  towns. 
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thus  rendering  the  apparatus  useless  till  a fresh  thread  was  experi- 
mentally adjusted  to  the  beads. 

‘ On  these  accounts  I renounced  the  construction  of  M.  Vidal, 
and  adopted  a more  simple  and  direct  form  of  indication. 

‘It  consists,  I,  of  a flat  spirit-lamp,  which  we  will  designate 
A,  surrounded  by  a saucer  for  containing  cold  water  to  keep  the 
lamp  cool,  should  many  experiments  require  to  be  made  in  suc- 
cession ; 2,  of  a boiler,  which  we  will  designate  B,  and  which  fits 
by  its  bottom  cage  (C)  upon  the  case  of  the  lamp.  A damper- 
plate  is  used  for  modifying  the  flame  of  the  lamp,  or  extinguishing 
it  when  the  experiment  is  completed.  A thermometer,  which  we 
will  designate  1),  made  with  a very  minute  bore,  in  the  manner  of 
the  Rev.  Mr.  Wollastox’s  instrument  for  measuring  the  height  of 
a mountain  bjr  the  boiling-point  of  water  on  its  summit,  is  placed 
in  the  boiler.  The  bottom  of  the  scale  in  this  thermometer  is 
marked  P for  proof  on  the  left  side,  and  ioo  (of  proof  spirit)  on 
the  right  side.  It  corresponds  to  178-6  Fahr.  very  nearly,  or  the 
boiling-point  of  alcohol  of  0-920,  specific  gravity.  The  following 
Table  gives  the  boiling  points  corresponding  to  the  indicated  densi- 
ties : — 


Temp.  Falir. 

178-6  . 
17975  • 

Specific  Gravity. 

. 0-9200  . P. 

. 0-9321  . 10  U.P. 

180-4  • 

. 0-9420 

. 20 

V 

182-00  . 

. 3-9516 

. 30 

V 

183-40  . 

. 0-960 

. 40 

V 

185-6  . 

. 0-9655 

. 50 

189-0  . 

. 0-9729 

. 60 

V 

191-80 

. 0-9786 

• 7° 

)1 

196-4  . 

. 0-9850 

. 80 

V 

202-0  . 

. 0-992 

. 90 

V 

1 The  above  Table 

is  the  mean 

of  a great  many  experiments. 

When  alcohol  is  stronger  than  0-92,  or  the  excise-proof,  its  boiling- 
point  varies  too  little  with  its  progressive  increase  of  strength  to 
render  that  test  applicable  in  practice.  In  fact,  even  for  proof 
spirits,  or  spirits  approaching  in  strength  to  proof,  a more  exact 
indication  may  be  obtained  by  diluting  them  with  their  own 
bulk  of  water  before  ascertaining  their  strength,  and  then  doub- 
ling it. 

‘ The  boiling-point  of  any  alcoholic  liquor  is  apt  to  rise  if  the 
heat  be  long  continued,  and  thereby  to  lead  into  error  in  using 
this  instrument.  This  source  of  fallacy  may  be  in  a great  measure 
avoided  by  adding  to  the  liquor  in  the  little  boiler  about  a tea- 
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spoonful  (thirty-five  grains)  of  common  culinary  salt,  which  has 
the  curious  effect  of  arresting  the  mercury  in  the  thermometer  at 
the  true  boiling-point  of  the  spirit,  wine,  or  beer,  to  enable  a 
correct  reading  to  be  had. 

‘ The  thermometer  is  at  first  adjusted  to  an  atmospheric  pres- 
sure of  29-5  inches.  When  that  pressure  is  higher  or  lower,  both 
water  and  alcohol  boil  at  a somewhat  higher  or  lower  tempera- 
ture. In  order  to  correct  the  error,  which  would  hence  arise  in 
the  indications  of  this  instrument  under  different  states  of  the 
weather,  a barometrical  equation  is  attached  to  the  thermometer 
by  means  of  the  subsidiary  scale. 

Having  stated  the  principles  and  the  construction  of  the  ebulli- 
tion alcoholometer,  I shall  now  describe  the  mode  of  its  applica- 
tion. 

1 1.  Light  the  spirit-lamp  A. 

1 2.  Charge  the  boiling  vessel  I?  with  the  liquid  to  be  tested  (to- 
within  an  inch  of  the  top),  introducing  at  the  same  time  a paper 
of  the  powder ; then  place  the  vessel  B (the  damper-plate  being 
withdrawn)  on  to  the  lamp 

‘ 3.  Fix  the  thermometer  I)  on  the  stem  attached  to  B,  with 
it3  bulb  immersed  in  the  liquid.  The  process  will  then  be  in 
operation. 

‘ The  barometrical  scale  indicated  on  the  thermometer  is  oppo- 
site the  mean  boiling-point  of  water.  Prior  to  commencing  opera- 
tions for  the  day,  charge  the  boiler  B with  water  only,  and  fix  the 
instrument  as  directed;  when  the  water  boils  freely  the  mercury 
will  become  stationary  in  the  stem  of  the  thermometer,  opposite  to 
the  true  barometrical  indication  at  the  time.  Should  the  mercury 
stand  at  the  line  29^5 , this  will  be  the  height  of  the  barometer,, 
and  no  correction  will  be  required ; but  should  it  stand  at  any 
other  line,  above  or  below,  then  the  various  boiling-points  will 
bear  reference  to  that  boiling-point. 

‘ In  testing  spirituous  or  fermented  liquors  of  any  kind,  when 
the  mercury  begins  to  rise  out  of  the  bulb  of  the  thermometer 
into  the  stem,  push  the  damper-plate  half-way  in  its  grove,  to 
moderate  the  heat  of  the  flame.  When  the  liquor  boils  freely,, 
the  mercury  will  become  stationary  in  the  stem  ; and  opposite  to 
its  indication,  on  the  left,  the  under-proof  percentage  of  spirit 
may  be  read  off  at  once,  if  the  barometer  stand  that  day  at  29-5 
inches ; while  on  the  right-hand  scale  the  percentage  of  proof 
spirit  is  shown ; being  the  difference  of  the  former  number  from 
100.  The  damper-plate  is  to  be  immediately  pushed  home,  to 
extinguish  the  flame. 

‘ The  alcoholometer  will  by  itself  only  indicate  the  percentage 
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of  alcoliol  contained  in  any  wine,  but  by  the  aid  of  the  hydro- 
meter the  proportionate  quantity  of  saccharum  in  all  wines  may 
be  readily  and  easily  determined.  In  testing  a sample  of  wine, 
first  take  the  specific  gravity,  and  suppose  it  to  be  989,  then 
charge  the  boiler  of  the  alcoholometer  with  the  wine,  as  directed, 
and  at  the  boiling-point  it  indicates  the  presence  of  alcohol  at 
69-6  per  cent.up,  whose  specific  gravity  will  be  found  to  be  979 ; 
deduct  that  gravity  from  the  gravity  of  the  bulk,  or  989,  and  10 
will  remain,  which  10  degrees  of  gravity,  upon  reference  to  the 
wine  Table,  will  be  found  to  represent  25  lbs.  of  saccharine  or 
extractive  matter  in  every  100  gallons,  combined  with  30^  gallons 
of  proof  spirit. 

‘ Sikes’s  hydrometer  will  only  show  the  specific  gravity  of 
liquids  lighter  than  water  (or  1,000),  and  for  wines  in  general  use, 
their  gravities  being  lighter  than  that  article,  will  answer  every 
purpose ; but  there  are  wines  whose  gravities  are  heavier  than 
water,  such  as  Mountain,  Tent,  rich  Malagas,  Lachrymse  Christi, 
&c.,  to  embrace  which  additional  weights  to  the  hydrometer  will 
be  required,  as  for  cordialized  spirits,  &c.  In  testing  a sample  of 
rich  Mountain,  its  s.g.  was  found  to  be  1039,  or  39  degrees  heavier 
than  water  ; that  wine  at  the  boiling-point  indicated  the  alcohol  at 
72-5  per  cent.up ; but  980  s.g.  deducted  from  1039  leaves  59 
degrees  of  s.g. ; against  59  of  the  wine  Tables  will  be  found  147-5, 
or  147^  lbs.  of  saccharine  or  extractive  matter  combined  with  27^ 
gallons  of  proof  spirit  to  every  100  gallons. 

1 Should  the  barometer  for  the  day  show  any  other  indication 
above  or  below  the  standard  of  29-5,  the  thermometer  scale  will 
then  only  show  the  apparent  strength,  and  reference  must  be  had 
to  the  small  ivory  indicator  E,  it  being  the  counterpart  of  the 
barometrical  scale  of  the  thermometer.  Thus,  should  the  baro- 
meter indicate  30,  place  30  of  the  indicator  against  the  boiling- 
point  of  the  liquid,  and  opposite  the  line  29-5  will  be  found  the 
true  strength. 

‘ Example  1. — Barometer  at  30.— Suppose  the  mercury  to  stop 
at  the  boiling-point,  72-up,  place  30  of  the  indicator  against  72  on 
the  thermometer,  and  the  line  of  29-5  will  cut  69'6-up,  the  true 
strength. 

1 Example  2.— Barometer  at  29.— Suppose  the  mercury  to 
stop  at  the  same  point,  72-up,  place  29  of  the  indicator  against  72 
on  the  thermometer,  and  the  line  of  29*5  will  cut  74'3~up>  the  ^rue 
strength. 

1 For  Malted  Liquors. — To  all  brewers  and  dealers  in  fer- 
mented liquors  this  principle,  by  its  application,  will  supply  a 
great  desideratum,  as  it  will  not  only  show  the  alcohol  created 
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in  the  wort  by  the  attenuation,  as  well  as  the  original  weight  of 
the  wort  prior  to  fermentation,  but  it  will  indicate  the  value  of 
malt  liquors  in  relation  to  their  component  parts.  It  will  likewise 
he  a ready  means  of  testing  the  relative  value  of  worts  from  sugar 
compared  with  grain,  as  well  as  being  a guide  to  the  condition  of 
stock  beers  and  ales. 

1 To  ascertain  the  strength  of  malt  liquors  and  their  respective 
values,  the  instrument  has  been  supplied  with  a glass  saccharo- 
meter,  testing-glass,  and  slide-rule.  Commence  by  charging  the 
testing-glass  with  the  liquid,  then  insert  the  saccharometer,  to 
ascertain  its  present  gravity  of  density  per  barrel,  and  at  whatever 
number  it  floats  that  will  indicate  the  number  of  pounds  per 
barrel  heavier  than  water. 

1 Example  1. — Suppose  the  saccharometer  to  float  at  the  figure 
8,  that  would  indicate  8 lbs.  per  barrel ; then  submit  the  liquid  to 
the  boilirfg  test,  with  the  salt  as  before  directed,  and  suppose  it 
should  show  (the  barometrical  differences  being  accounted  for) 
90-up,  that  would  be  equivalent  to  io  per  cent,  of  proof  alcohol, 
liefer  to  the  slide-rule,  and  place  A on  the  slide  against  io  on  the 
upper  line  of  figures,  and  facing  B on  the  lower  line  will  be  18, 
thus  showing  that  18  lbs.  per  barrel  have  been  decomposed  to 
constitute  that  percentage  of  spirit;  then,  by  adding  the  18  lbs. 
to  the  present  8 lbs.  per  barrel,  the  result  will  be  26  lbs.,  the 
original  weight  of  the  wort  after  leaving  the  copper. 

“ Example  2. — The  saccharometer  marks  10  lbs.  per  barrel,  and 
at  the  boiling-point  it  indicates  88-up,  equivalent  to  12  gallons  of 
proof  spirit  per  cent. ; place  A against  12,  and  opposite  B will  be 
21 J lbs.  per  barrel,  when,  by  adding  that  to  the  10  lbs.  present, 
31  Jibs,  will  be  the  result. 

‘ To  Ascertain  the  Relative  Value. — Suppose  the  price  of  the 
26  lbs.  beer  to  be  36s.  per  barrel,  and  the  31 J lbs.  beer  to  be  40s. 
per  barrel,  to  ascertain  which  beer  will  be  the  cheapest,  place  26 
on  the  opposite  side  of  the  rule  against  36,  and  opposite  31 J lbs. 
will  be  43s.  yd.,  showing  that  the  latter  beer  is  the  cheapest  by 
33.  yd.  per  barrel. 

‘ By  taking  an  account  of  the  malt  liquors  by  this  instrument 
prior  to  stocking,  it  may  be  ascertained  at  any  time  whether  any 
alteration  has  taken  place  in  their  condition,  either  by  an  increase 
of  spirit  by  after  fermentation  and  consequent  loss  of  saccharum, 
or  whether,  by  an  apparent  loss  of  both,  acetous  fermentation  has 
not  been  going  on  towards  the  ultimate  loss  of  the  whole. 

‘ This  instrument  will  likewise  truly  indicate  the  quantity  of 
spirit  per  cent,  created  in  distillers’  worts,  whether  in  process  of 
fermentation  or  ready  for  the  still : the  only  difference  will  be  in 
the  allowances  on  the  slide-rule. 
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‘ N.B. — The  saccharometers  applicable  to  the  foregoing  rules 
for  beers,  ales,  See.,  have  been  adjusted  at  the  temperature  60 
Fahrenheit,  and  will  be  found  correct  for  general  purposes,  but 
where  extreme  minuteness  is  required,  the  variation  of  tempera- 
ture must  be  taken  into  account;  therefore,  for  every  io  degrees 
of  temperature  above  60,  3-ioths  of  a pound  must  be  added 
to  the  gross  amount  found  by  the  slide-rule ; on  the  contrary, 
for  every  10  degrees  below  60,  3-ioths  of  a pound  must  be  de- 
ducted. 

1 For  Cordialized  Spirits. — The  operation  in  this  instance  is 
somewhat  different  from  that  of  beers,  which  have  the  alcohol 
created  in  the  original  worts;  whereas,  in  cordialized  spirits,  gins, 
&c.,  the  alcohol  is  the  original,  and  the  saccharine  matter,  or 
sugar,  is  an  addendum. 

‘If  100  gallons  of  spirit  are  required  at  a given  strength,  say 
50  per  cent,  under  proof,  50  gallons  of  proof  spirit,  with  the  addi- 
tion of  50  gallons  of  water,  would  effect  that  object,  and  upon 
testing  it  by  the  alcoholometer,  it  would  be  found  as  correct  as  by 
the  hydrometer.  But  in  cordializing  spirits  it  is  different,  for  to 
the  50  gallons  of  proof  spirit  50  gallons  of  sugar  and  -water  would 
be  added,  thereby  rendering  the  hydrometer  useless,  except  for 
taking  the  specific  gravity  of  the  bulk,  and  according  to  the 
•quantity  of  sugar  present,  so  a relative  quantity  of  water  must 
have  been  displaced ; and  as  the  sugar  has  no  reducing  properties 
the  alcoholometer  will  only  show  the  strength  of  the  cordial  in 
relation  to  the  water  contained  in  it,  as  the  principle  indicates, 
irrespectively  of  saccharine  or  extractive  matter  present. 

‘ Suppose,  in  making  100  gallons  of  cordial  at  50-“?,  3 lbs.  of 
sugar  are  put  to  the  gallon,  or  300  lbs.  to  the  100  gallons,  that 
300  lbs.  displacing  18  gallons  of  water,  only  31  gallons  of 
water  instead  of  50  having  been  applied ; the  sugar,  without 
reducing  properties,  making  up  the  bulk  of  100  gallons,  which  is 
meant  to  represent  50  per  cent.up. 

‘ The  alcoholometer  will  only  show  at  the  full  point  of  ebulli- 
tion the  alcoholic  strength  in  relation  to  the  water  in  the  100 
gallons  of  the  mixture,  or  35  per  cent.-uP,  leaving  15  per  cent,  to 
be  accounted  for  on  the  bulk. 

‘As  the  quantity  of  sugar  present  must  be  determined  before 
that  percentage  can  be  arrived  at,  a double  object  will  be  effected 
by  so  doing ; namely,  eliciting  in  all  instances  the  quantity  of 
sugar  present,  as  well  as  the  percentage  of  spirit  to  be  accounted 
for. 

1 Example  1. — In  taking  the  s.g.  of  a cordial,  suppose  it  to  be 
found  1076,  then  submit  the  liquid  to  the  boiling-point,  and  having 
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Ascertained  tlie  percentage  of  alcohol,  and  it  proves  to  he  35~up, 
the  s.g.  of  alcohol  at  that  strength  will  he  found  to  be  956; 
deduct  956  from  the  s.g.  of  the  bulk,  or  1076,  and  120  will  remain; 
refer  that  to  its  amount  on  the  head  line  of  Table  No.  II.  namely 
1 20,  under  which  will  be  found  3,  representing  3 lbs.  of  sugar  to 
the  gallon ; and  by  running  the  eye  down  its  column  to  opposite 
the  alcoholic  strength  indicated  (35-up)  will  be  found  14-9,  which 
represents  the  percentage  of  water  displaced  by  the  sugar,  and 
which  amount  of  14-9,  added  to  the  35  per  cent,  ascertained, 
makes  the  total  upon  the  bulk  49*9  per  cent.up,  with  3 lbs.  of  sugar 
to  the  gallon. 

( For  Gins,  8fc. — Example  3.— In  taking  the  s.  g.,  suppose  it 
be  found  957  ; then  submit  to  the  boiling-point,  and  it  proves  to 
be  I4-Up,  whose  s.  g.  is  937,  which  deducted  from  957,  leaves  s.  g. 
20;  on  the  head  line  of  Table  No.  II.,  under  20.  will  be  found 
or  4 lb.  of  sugar  to  the  gallon  ; and  on  running  the  eye  down  to 
the  opposite  I4-Up  will  be  found  3-0,  which  added  to  the  14,  makes 
the  total  on  the  bulk  17  per  cent.up,  with  50  lbs.  of  sugar  to  the 
100  gallons. 

‘ To  chemists  for  their  tinctures,  &c.,  this  instrument  will  be 
found  essentially  useful. 

‘ N.B.  Care  must  be  taken  that  the  mercury  is  entirely  in  the 
bulb  of  the  thermometer  before  it  is  fixed  on  the  stem  for  opera- 
tion, and  in  all  cases  (except  for  water)  the  salt  must  be  used. 

‘ Conclusion. — Wines  are  peculiarly  subject  to  be  mystified  by 
adulteiations  of  various  kinds.  It  will  prove  of  great  advantage 
to  the  public  when  the  relative  quantity  of  fruit,  or  saccharum, 
and  alcohol  requisite  to  constitute  the  normal  wine  of  each  species 
is  well  ascertained. 

‘ Some  beers  possess  a remarkable  narcotic  power,  by  which 
they  cause  drowsiness  and  stupor  without  corresponding  previous 
exhilaration.  Such  beverages  may  justly  be  suspectedDof  having 
been  sophisticated  with  coccultis  inclicus,  opium,  or  some  .analogous 
drug ; and  this  suspicion  may  become  certainty  if  they  be  shown 
by  the  alcoholometer  to  contain  only  a few  per  cents,  of  fermented 
spirit.’ 

The  table  No.  I.,  which  shows  the  specific  gravity  on  the  bulk 
of  the  mixture,  bears  reference  to  the  table  (No.  II.  on  p.  81)  of 
the  alcoholometer  following. 

Gm. — In  Mtjspratt’s  ‘ Chemical  Dictionary’  the  following 
receipts,  ‘from  the  note-book  of  one  of  the  most  extensive  and 
respectable  distillery  rectifiers  in  the  kingdom,’  are  quoted  to  show 
the  ‘ absurd  and  uncouth  ’ fashion  of  the  prevalent  course  of  pro- 
cedure in  the  manufacture  of  this  spirit : — ^ 
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No.  I. — Tabic  of  Specific  Gravities,  by  Sy Ice's  Hydrometer,  adapted  to 
Field’s  Patent  Alcoholometer  for  Cordudized  Spirits. 
(Temperature,  6o°.  Specific  Gravity  of  Water,  i,ooo°.) 


60 

80 

IOO 

120 

140 

160 

180 

wt. 

js.  G. 

Wt. 

S.  G, 

Wt. 

S.  G. 

wt. 

S.G. 

Wt. 

S.  G. 

wt. 

S.G. 

Wt. 

S.  G. 

60 

922 

80 

961 

IOO 

1000 

120 

1041 

140 

1085 

160 

1129 

180 

1175 

I 

924 

I 

963 

I 

1002 

I 

1044 

I 

1087 

I 

1131 

I 

1178 

2 

926 

2 

965 

2 

1004 

2 

1046 

2 

1089 

2 

1 1 PA 

2 

1180 

3 

928 

3 

967 

3 

1006 

3 

1048 

3 

1091 

3 

1136 

3 

1182 

4 

93° 

4 

969 

4 

1008 

4 

1050 

4 

1093 

4 

^39 

4 

uSsj 

5 

93  2 

5 

971 

5 

1010 

5 

1052 

5 

1096 

5 

1141 

5 

1187 

6 

934 

6 

973 

6 

1012 

6 

1054 

6 

1098 

6 

IJ43 

6 

1189 

7 

936 

7 

975 

7 

1014 

7 

1056 

7 

1100 

7 

1146 

7 

1191 

8 

938 

8 

977 

8 

1016 

8 

1058 

8 

1102 

8 

1148 

8 

1194 

9 

940 

9 

979 

9 

1018 

9 

1061 

9 

1104 

9 

1150 

9 

1196 

70 

942 

90 

981 

IOO 

1020 

130 

1063 

150 

IIO7 

170 

1152 

190 

1199 

1 

943 

I 

9S3 

I 

1022 

I 

1065 

I 

IIO9 

I 

ii55 

2 

945 

2 

985 

0 

IO24 

2 

1067 

2 

IIII 

2 

ii57 

3 

947 

3 

987 

3 

1026 

3 

1069 

3 

m3 

3 

JI59 

4 

949 

4 

989 

4 

IO29 

4 

1071 

4 

1116 

4 

1162 

5 

95 1 

5 

99 1 

5 

1031 

5 

1074 

5 

1118 

5 

1164 

6 

953 

6 

993 

6 

1033 

6 

1076 

6 

1120 

6 

1166 

7 

955 

7 

995 

7 

1035 

7 

1078 

7 

1123 

7 

1168 

8 

957 

8 

997 

8 

1037 

8 

1080 

8 

1125 

8 

II7I 

9 

959 

9 

999 

9 

1039 

9 

1082 

9 

II27 

9 

1173 

80 

961 

100 

1000 

120 

1041 

140 

1085 

160 

II29 

180 

ii75 

1 

British  Gin. — The  still  is  charged  with  300  gallons  of  liquor 
and  650  gallons  of  spirit  from  a previous  rectification,  to  which 

are  added  . 

95  lbs.  German  juniper  hemes, 

95  lbs.  coriander  seeds, 

47  lbs.  crushed  almond  cake, 

2 lbs.  angelica  root,  and 
6 lbs.  liquorice  powder. 

The  whole  is  well  rumm aged  ; distillation  commenced , and  after 
the  worm  is  cleansed  by  the  first  portion  drawn  over  into  the 
faints  bach,  about  160  gallons  are  run  into  forcing  bach  No.  4, 
then  turned  off  into  back  No.  3 till  it  runs  1 to  9 or  11  per  cent, 
over  proof,  when  it  is  turned  into  faints  back  N 0.  8.  About  400 
gallons  are  found  in  back  No.  3.  Liquor  is  run  into  back  No.  4, 
to  reduce  it  to  50  per  cent,  under  proof.  It  is  fined  by  throwing 
into  it  two  pounds  of  alum  dissolved  in  boiling  water,  and  leaving 
it  to  rest  for  about  eight  hours ; after  which  this  low  gin  is  pumped 
back  into  No.  3,  containing  the  remainder  of  the  charge,  to  bring 
it  to  22  percent,  under  proof;  then  the  whole  is  pumped  into 
store  casks  for  use — the  result  being  1,100  gallons. 
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No.  II. — Table  showing  the  lbs.  of  Sugar  per  gallon  in  Cordial  Spirits, 
with  the  per  centages  to  be  added  to  the  indicated  Strength,  per  the 
Alcoholometer. 
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Cordial  Gin. — Take  700  gallons  of  the  product  of  the  .second 
rectification — (if  the  improved  stills  are  used,  the  product  of  the 
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first  distillation  answers) — and  mix  it  with,  the  following  in- 
gredients : — 

70  lbs.  German  juniper  berries, 

56  lbs.  coriander  seeds, 

5 lbs.  almond-cake,  crushed  and  broken, 

ij  lb.  orris-root,  broken, 

2-k  lbs,  angelica-root, 

^ lb.  cardamum,  or  instead  of  thi3 

6 lbs.  liquorice-powder  are  sometimes  added. 

Force  the  first  running  of  the  working,  or  about  200  gallons,  by 
reducing  it  to  50  under  proof,  adding  three-quarters  of  a pound  of 
alum  boiled  in  two  quarts  of  water.  In  adopting  this  receipt, 
make  a double  working  of  it,  with  twice  the  quantity  of  the 
ingredients.  Work  in  the  flavouring  in  the  first  charge  of  recti- 
fied spirit,  having  in  the  back  two  or  three  inches  of  the  usual 
charge  to  make  up  with  liquor,  and  prevent  the  bottom  of  the 
still  from  injury  by  the  charring  of  the  large  amount  of  ingredients 
depositing  upon  it.  Turn  the  distillate  into  another  back,  and 
reduce  to  50  per  cent,  under  proof ; force  with  a pound  and-a-half 
of  alum,  and  pump  into  fining-cask ; then  charge  with  rectified 
spirit,  and  work  into  back  containing  goods  from  preceding  charge. 
Run  down  gin  from  store-cask,  and  make  up  to  strength  required — 
17  to  22  under  proof. 

Plain,  or  London  Gin , is  made  in  the  following  proportions  : — 

700  gallons  of  the  second  rectification, 

70  lbs.  juniper-berries, 

70  lbs.  coriander-seeds, 

3^  lbs.  almond-cake, 

1 1 lb.  angelica-root, 

6 lbs.  liquorice-powder. 

West  Country  Gin. — For  the  manufacture  of  this  spirit  the 
process  is — Introduce  into  the  still  700  gallons  of  the  second  rec- 
tification, and  flavour  with 

14  lbs.  German  berries, 
i£  lb.  calamus-root,  cut,  and 
8 lbs.  sulphuric  acid. 

Geneva, — The  charge  of  still  being  950  gallons  of  the  second 
rectification,  the  proportions  are — 

84  lbs.  j uniper-berries, 

1 12  lbs.  coriander-seeds, 

6 lbs.  cassia-buds, 
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4 lbs.  angelica-root, 

6 lbs.  calamus-root, 

6 lbs.  almond-cake, 
i lb.  cardamum. 

Dr.  Cameron,  Professor  of  Hygiene  in  the  Royal  College  of 
"Surgeons,  Dublin,  has  contributed  a remarkable  article  to  the 

I Dublin  Journal  of  Medical  Science’  on  ‘Whisky.’ 

‘ During  the  fermentation  of  the  grain  used  in  the  preparation 
of  whisky,’  says  the  Doctor,  1 two  species  of  alcohol  are  formed, 
namely,  ethylic,  or  vinic  alcohol,  and  amylic  alcohol.  The  former 
boils  at  1 730  Fahr.,  the  latter  at  269°  Fahr. ; therefore  they  can  be 
readily  separated  by  careful  distillation. 

‘ Amylic  alcohol,  or  fusel-oil,  as  it  is  commonly  termed, 
possesses  a most  acid  burning  flavour  and  an  oppressive  odour.  A 
very  minute  trace  of  it  in  ethylic  alcohol  greatly  injures  the  flavour 
and  odour  of  the  latter.  If  the  fusel-oil  is  removed  from  whisky 
by  rectification,  with  it  are  also  taken  out  various  others  of  the 
acids  of  the  acetic  series,  and  the  whisky  is  converted  into  common 
spirit  of  wine,  which  few  would  care  to  substitute  for  whisky  or 
brandy,  notwithstanding  its  purity.  The  fusel-oil  and  the  sub- 
stances associated  with  it  must  therefore  be  allowed  to  remain  in 
the  whisky  until  in  the  course  of  time  they  are  converted  into 
those  compounds  of  agreeable  odour  and  flavour  which  charac- 
terize old  whisky.  Those  who  relish  a fiery  whisky  do  not  object 
to  that  which  contains  a large  amount  of  fusel-oil ; on  the  con- 
trary, they  regard  with  suspicion  and  ill  favour  a glass  of  Jame- 
son’s five-year-old  mild  whisky. 

1 New  whisky  is  much  cheaper  than  old,  and  the  bad  flavour 
(to  refined  palates  at  least)  of  the  former  is  often  attempted  to  be 
disguised  by  the  addition  of  flavouring  materials.  For  this  purpose 
the  following  materials  are  used : — Sherry  wine,  tartaric  and 
acetic  acids,  sugar,  pine-apple  and  other  fruit  essences,  tincture  of 
prunes,  acetic  ether,  oil  of  wine,  spirit  of  nitrous  ether,  glycerine, 
green  tea,  and  various  other  substances.  A mixture  of  burnt  sugar, 
sherry,  acetic  ether,  and  tartaric  acid,  is  very  commonly  used  to 

II  convert  new  whisky  into  old.”  These  substances  are  used  in 
very  small  quantities ; and  it  is  doubtful  if  they  ever  produce  any 
bad  effects  upon  the  animal  economy.  They,  however,  are  objec- 
tionable, because  they  are  often  the  means  of  inducing  people  to 
drink  whisky  largely  contaminated  with  fusel-oil. 

‘ Amylic  alcohol  is  almost  deserving  of  the  name  of  rank 
poison.  A small  quantity  of  it  in  whisky  renders  the  latter  an 
unwholesome  liquor;  and  the  bad  effects  which  wo  constantly 
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liear  attributed  to  tbe  use  of  adulterated  whisky  are  undoubtedly 
due  to  the  use  of  new  whisky  largely  contaminated  with  fusel- 
oil.  The  sale  of  such  whisky  should  be  prohibited.  For  this  pur- 
pose it  would  only  be  necessary  to  prevent  the  removal  of  spirits 
from  the  bonded  warehouses  until  after  at  least  one  year’s  storage. 
We  have  reason  to  believe  that  whisky  is  sold  in  country  districts1 
almost  immediately  after  its  manufacture.’ 

Forty  per  cent,  of  the  insanity  flesh  is  heir  to  in  these  days  is 
asserted  by  medical  men  to  be  attributable  to  drunkenness.  Fusel 
and  essential  oil  knocks  down  these  dipsomaniacs  at  night,  only  to 
pick  them  up  again  in  the  morning.  If  people  must  drink,  why 
not  drink  robur,  the  new  tea-spirit,  which  is  not  only  free  of  fusel 
and  essential  oil,  but  contains  the  well-known  refreshing  properties 
of  tea,  which  is  a nervine  tonic,  and,  with  the  alcohol,  forms  a 
tonic  stimulant,  which  it  stands  to  reason  must  be  wholesome  ? 

‘ It  would  be  well  for  the  general  public  if  experiments  were 
made  in  hospitals  upon  confirmed  dipsomaniacs,  to  test  the  effects 
of  robur  on  their  systems.  By  this  means  they  might  by  degrees 
be  weaned  of  whisky,  and  eventually  led  round,  by  way  of  tea- 
spirit,  to  teetotalism.  This  would  be  a consummation  devoutly 
to  be  wished.  It  is  to  be  feared,  however,  that  in  many  cases  the 
vantage  ground  thus  gained  would  only  be  held  long  enough  to 
mark  the  era  of  a new  departure,  and  a revelling  in  fusel-  and 
essential-oil  once  more/ 

Public-house  Brandy. — Mr.  Griffin  Chemical  Testing  of 
Wines  and  Spirits’)  states  that  he  found  in  a sample  which  he 
analysed  a quantity  of  tannin  so  large  as  to  become  almost  like 
ink  when  mixed  with  a salt  of  iron.  It  was  evidently  not  a 
distilled  spirit ; and  he  says  he  was  puzzled  by  it  till  he  read 
in  a German  book  the  following  instructions  for  manufacturing 
Cognac : — 

‘ Take  of  acetic  ether  | lb. 

„ spirit  of  nitric  ether  ^ lb. 

„ French  wrine  8 quarts, 

„ oak-bark  tincture  (made  with  / lb.  of  oak  bark 
and  It  quart  of  spirit),  f quart, 

„ purified  spirit  so  much  as  to  bring  the  whole  to 
150  quarts  of  54  per  cent.  Tralles. 

This  mixture,  after  long  cellaring,  is  very  , similar  to  real  Cognac 
in  taste  and  odour.’ 

Here  we  have  a tincture  of  oak  bark  mixed  with  a couple  of 
ethers,  commonly  used  as  physic,  passed  off  as  Cognac.  Mr.  Griffin 
states  that  he  analysed  a bottle  of  brandy  from  a large  grocer  and 
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■wine  merchant.  It  contained  very  common  spirit,  which  tasted 
very  powerfully  of  fusel-oil,  a quantity  of  this  oak-bark  liquor, 
and  an  abundance  of  sugar. 

BRASS  (Dutch  Gold,  Crysocal,  Similor,  Prince  Rupert’s 
Metal,  Pinchbeck,  Mannheim  Gold). — Brass  is  one  of  the  most 
important  alloys,-  it  consists  chiefly  of  copper  and  of  zinc,  in 
various  proportions,  according  to  the  use  for  which  it  is  intended. 
Besides  copper  and  zinc,  brass  contains  often  a certain  proportion 
of  tin  and  of  lead.  We  give  here  the  result  of  the  analysis  of 
several  kinds  of  this  alloy. 


Similor 

Hammering 

Crysocal 

Wire 

Fine 

Casting 

For  Gilding 

For  Turning 

Copper 

80 

84 

86 

88 

70 

92 

66-5 

64-2 

91-2 
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82 

64 '45 

61 '6 

65-8 

64^2 

Zinc  . 

20 

16 

14 

12 

30 

6 

33’1 

33'1 

5-6 

5'° 

33 '6 

18 

32'44 

•35 '3 

31  '8 

32-8 
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55 

55 

55 

55 

55 

6 

55 

55 

1 '4 
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0*2 

3 

0-25 
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Lead  . 

55 

55 

55 

55 

55 

55 
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i-8 

2 '5 

2*5 

I 

2-86 

2 '9 
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2*0 

IOO 

IOO 

IOO 

IOO 

TOO 

104 

100*0 

Qi ' I 

100*0 

IOO'O 

100*0 

104 

100*0 

IOO’O 

lOO’O 

109-4 

The  analysis  of  brass  may  be  performed  as  follows  : — The  alloy 
is  dissolved  in  nitric  acid,  and  the  solution  concentrated  by  eva- 
poration ; the  tin  is  left  in  an  insoluble  state  as  peroxide,  and  may 
be  collected  on  a filter,  washed,  dried,  ignited,  and  weighed  ioo 
parts  = 78-66  metallic  tin.  The  filtered  liquor  is  still  further  con- 
centrated and  sulphuric  acid  added,  then  water,  with  half  its  bulk 
of  alcohol.  This  produces  a precipitate  of  sulphate  of  lead,  which 
is  collected  on  a filter,  washed,  dried,  ignited,  and  weighed  100 
parts  of  sulphate  of  lead  = 68-2  metallic  lead.  The  filtrate  is  satu- 
rated with  sulphuretted  hydrogen,  whereby  the  copper  is  pre- 
cipitated as  sulphide,  which  is  received  in  a filter  and  washed  as 
quickly  as  possible  with  water  impregnated  with  sulphuretted 
hydrogen ; it  is  removed  as  completely  as  possible  from  the  filter, 
which  is  then  dried  and  ignited,  and  the  residue  mixed  with  the 
bulk  of  the  precipitate.  The  sulphide  of  copper  is  decomposed  by 
digesting  it  with  dilute  nitra-hydrocliloric  acid,  and,  the  sulphur 
being  separated,  the  solution  is  evaporated  witli  the  addition  of 
sulphuric  acid  until  the  nitric  acid  is  entirely  expelled  5 a large 
quantity  of  water  is  then  added,  and  the  oxide  of  copper  is  pre- 
cipitated by  caustic  potassa  at  a boiling  temperature.  The  ignited 
precipitate  contains  79-87  per  cent,  of  metallic  copper.  Prom  the 
filtrate  from  the  sulphide  of  copper  the  zinc  is  precipitated  by 
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"boiling  with  carbonate  of  potassium  or  sodium.  The  basic  car- 
bonate of  zinc  thus  formed  is,  after  washing  and  drying,  strongly 
ignited,  by  which  it  is  converted  into  oxide,  which  contains  Scrzy 
per  cent,  of  metallic  zinc. 

BREAD. — The  following  excellent  article  on  Bread  and  its 
Adulterations  is  taken  from  ‘ The  Sanitarian,’  an  American  monthly 
journal,  published  by  A.  S.  Barnes  &Co.,  New  York  (July  1873): — 

‘ Experience  has  everywhere  shown  that  bread  made  from  the 
cereal  grains  contains  more  of  the  essentials  to  the  support  of  adult 
human  life  than  any  other  article  of  food.  To  the  cereal  grains 
may  be  added  buckwheat,  which,  although  belonging  to  a different 
family  of  plants,  is  nevertheless  in  its  composition  analogous  to  the 
cereal  grains.  The  superior  advantages  of  wheaten  flour  as  an 
article  of  food  consist  in  the  great  variety  of  its  component  parts  • 
it  is  virtually  a mixed  diet.  When  carbonic  acid  gas  is  in  any  way 
formed  in,  or  forced  into,  dough  made  of  wheaten  flour,  so  as  to 
divide  it  into  a number  of  little  cavities  previous  to  or  during  the 
process  of  baking,  bread  is  made.  This  is  ordinarily  accomplished 
by  one  of  the  two  following  methods : — 

‘ First.  By  mixing  the  flour  with  hot  water  and  adding  yeast, 
and  kneading  it  into  dough  ; fermentation  takes  place,  carbonic  acid 
is  disengaged,'  but  the  tenacity  of  the  gluten  prevents  its  escape, 
and  the  dough  is  in  consequence  distended  into  a cellular  mass; 
a portion  of  the  starch  is  converted  into  dextrine  and  sugar,  which 
process  also  yields  carbonic  acid  and  generates  some  alcohol,  but 
this  is  nearly  all  expelled  by  the  process  of  baking. 

1 Lactic  and  butyric  acids  and  extractive  matters  are  also 
formed  in  small  quantities.  While  these  changes  are  essential  to 
the  conversion  of  flour  into  bread,  it  is  of  importance  to  prevent 
their  going  too  far ; and  herein  is  one  of  the  arts  of  the  baker. 
Ostensibly  to  prevent  excessive  fermentation,  alum  is  added  to- 
check  it,  while  salt  possesses  also  the  quality  of  incorporating  an 
excess  of  water,  and  increasing  the  weight  of  the  loaf. 

1 In  making  bread  by  this  process,  the  proportions  are — 20  lbs.. 
of  flour,  8 to  12  lbs.  of  warm  water,  4 oz.  of  yeast,  a little  mashed 
potato,  and  i£  to  2 oz.  of  salt.  61-  lbs.  of  dough  should  yield 
6 lbs.  of  bread. 

‘ Second.  Carbonic  acid  is  also  disengaged  by  mixing  car- 
bonate of  sodium  and  cream  of  tartar  with  dough,  or  by  the  use  of 
baking-powders,  which  are  compounds  of  the  salts  of  sodium  and 
ammonium  and  tartaric  and  citric  acids. 

1 Third.  Aerated  Bread. — This  is  made  by  forcing  carbonic 
acid  through  the  dough  by  means  of  pressure.  This  process  has 
the  advantage  of  rendering  it  impossible  for  the  conversion  of 
starch  into  dextrine  and  sugar  to  go  too  far,  and  also  has  the  effect 
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of  arresting  the  excessive  generation  of  lactic  acid.  From  20  to 
25  cubic  feet  of  carbonic  acid  gas  are  used  for  a barrel  of  flour, 
and  about  one-half  of  the  carbonic  acid  is  actually  incorporated 
with  the  flour. 

1 A barrel  of  flour  will  make  from  63  to  73  good  4-lb.  loaves 
of  bread.  The  baker  always  endeavours  to  incorporate  as  much 
water  as  he  can,  to  increase  the  number  of  loaves. 

‘ Good  bread  contains  about  33  per  cent,  of  water ; all  over 
this  proportion  is  excess.  The  lightness  or  sponginess  of  bread  is 
its  chief  attribute  in  digestibility.  Common  salt  stiffens  the 
dough,  whitens  and  flavours  the  loaf. 

1 The  following  is  the  composition  of  wheaten  flower,  accord- 
ing to  the  mean  of  fourteen  analyses  by  Peligot  and  others,  as 
given  by  Dr.  Parkes  in  his  “ Practical  Hygiene  ” : — 

1 Wlieaten  Flour  and  Bran. 

In  100  parts 


Water 

Flour 

I4'0  . 

Bran 

. IO‘3 

Fatty  matters 

I '2  . 

2-82 

Nitrogenous  matters  (gluten) 

12-8  . 

. IO-84 

Albuminous  matters 

r8  . 

1-64 

Dextrine  and  sugar 

77  • 

5-80 

Cellulose  .... 

17  • 

• 43P8 

Starch 

507  . 

. 22-62 

Mineral  salts 

i-6  . 

. 2-52 

‘ Everything  else  being  equal,  the  greater  the  amount  of 
gluten  in  flour  the  more  valuable  it  is,  because  the  more  nutritious ; 
and  this  it  is  which  gives  the  flour  of  wheat  its  chief  distinction — 
it  contains  more  gluten  than  any  other.  Gluten  is  easy  of  diges- 
tion and  highly  nutritious,  and  flour  which  contains  it  in  greatest 
abundance  is  proportionably  valuable.  The  whiteness  of  flour  is 
no  criterion  of  its  good  quality,  as  the  bran  or  coloured  crust  of 
wheat  contains  a larger  proportion  of  gluten  than  the  more  central 
parts  of  the  grain,  and,  besides,  all  of  the  fatty  matter,  and  most 
of  the  salts.  E*read,  therefore,  made  of  flour  from  which  the  bran 
has  not  been  separated  is  for  healthy  persons,  both  more  nutritious 
and  more  wholesome ; but  for  the  sick,  and  especially  for  per- 
sons affected  with  bowel  complaints,  bran  bread,  or  flour  from 
which  the  bran  has  not  been  separated,  is  sometimes  fraught  with 
mischief.  Very  finely-sorted  flour,  that  is,  purely  white , by  the 
total  abstraction  of  the  flouring  matter,  is  frequently  one-third 
less  valuable  in  the  quality  of  bread  it  will  make  than  other  of 
less  whiteness,  owing  to  the  presence  of  a larger  proportion  of 
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gluten.  The  proportion  of  gluten  also  depends  somewhat  upon 
the  climate  in  which  the  wheat  is  grown,  that  of  warm  climates 
being  the  richest ; and  to  this  quality  is  due  the  superior  fitness  of 
flour  in  the  south  of  Europe  for  the  manufacture  of  macaroni, 
vermicelli,  and  Cagliari  paste,  which  is  almost  pure  gluten. 
Hence  it  is  of  paramount  importance,  in  estimating  the  value  of 
flour,  to  ascertain  the  proportion  of  gluten  it  contains.’ 

Amount  of  Moisture. — To  get  at  the  amount  of  gluten  pre- 
sent, the  sample  must  first  be  examined  for  moisture,  for  this  is 
not  only  one  of  the  most  common  frauds  in  bread,  but  a frequent 
wilful  adulteration  of  flour.  As  already  shown,  the  proportion  of 
water  naturally  present  in  good  flour  is  about  14  per  cent.  If 
flour,  before  packing,  is  exposed  to  a damp  atmosphere,  it  very 
readily  absorbs  moisture  even  to  a destructive  extent,  insomuch 
that  it  will  heat,  ferment,  and  clod  ; and  such  flour  will  be  found 
to  have  increased  from  12  to  15  per  cent  in  weight.  The  effect  of 
excessive  moisture  in  flour  is  to  destroy  the  adhesive  property  of 
the  gluten,  and  render  it  unfit  for  bread ; it  also  favours  the 
growth  of  mould , which  renders  bread  poisonous.  The  quantity  of 
moisture  in  flour  can  be  ascertained  by  heating  it.  Take  any 
given  quantity,  say  100  grains,  spread  it  out  on  a plate,  and 
carefully  dry  it  over  a stove,  oven,  or  hot-air  bath  for  an  hour, 
not  allowing  the  temperature  to  exceed  2120  Fahr.  lest  the  flour 
should  be  scorched,  which  may  be  inferred  by  change  of  colour, 
and  if  so,  it  should  be  discarded,  and  the  experiment  repeated. 
Weigh  directly  the  flour  is  cold,  and  the  loss  of  weight  represents 
the  percentage  of  water. 

Amount  of  Gluten. — Having  ascertained  that  the  flour  does 
not  contain  an  excess  of  moisture,  make  a weighed  quantity  of  it 
into  a stiff  paste,  and  stir  with  a glass  rod  for  half  an  hour ; then 
put  it  into  a fine  sieve  or  gauze  strainer,  and  subject  it  to  a gentle 
stream  of  clear  water  until  it  ceases  to  impart  a milky  colour. 
There  will  remain  on  the  strainer  a pale,  dirty-looking  grey  mass, 
of  a fibrous  structure,  very  adhesive,  ductile,  and  extremely 
elastic.  This  is  crude  gluten,  a compound,  according  to  HaSSAll, 
of  no  less  than  four  distinct  substances— namely,  gluten,  vegetable 
fibrin , a small  quantity  of  mueine  or  casein , and  oil,  in  the  follow- 
ing proportions : — 


Gluten 

. 20-0 

Vegetable  fibrin 

. 72  ’O 

Mueine  (casein?) 

. 4'° 

Starch  (accidental),  a small  quantity. 

Oil  • , a . • • ' • 

. 37 

Crude  gluten  .... 

. 997 
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The  quantity  of  crude  gluten  in  good  flour,  when  dried,  is 
about  14  per  cent.  ; but  in  the  best  southern  flour  it  sometimes 
amounts  to  22  per  cent. 

Pure  gluten  is  obtained  by  boiling  crude  gluten  in  alcohol,  and 
■evaporating  the  filtered  solution  to  dryness.  In  its  composition  it 
closely  resembles  muscular  fibre.  Flour  which  yields  less  than 
8 per  cent,  should  be  condemned. 

Adulterations. — The  quality  of  gluten  is  changed,  and  its 
quantity  lessened,  by  the  following  adulterations  of  flour : — 

1.  Moisture — already  described. 

2.  Rye  Flour. — When  this  is  present,  the  gluten  is  dark- 
coloured,  shiny,  and  easily  separated. 

3.  Barley  Flour. — This  gives  to  gluten  a dirty-red  colour ; it 
is  easily  separated  into  masses,  but  can  be  drawn  out  into  filaments 
which,  quickly  dried,  become  contorted. 

4.  Oatmeal. — By  this  the  gluten  is  changed  into  a yellowish- 
black  colour,  and  the  appearance  of  a number  of  fine  white  specks 
on  the  surface. 

5.  Pea  Meal. — The  gluten  is  obtained  with  unusual  facility  by 
-a  mixture  of  this  substance  with  flour,  but  it  is  of  a greenish 
colour,  and  has  the  characteristic  odour  of  peas. 

6.  Bean  Meal.  — Somewhat  like  the  last  in  giving  off  the 
peculiar  odour  of  beans,  but  renders  the  gluten  hard  to  obtain, 
and  much  altered  in  properties ; instead  of  being  adhesive  it  is 
slippery,  not  easily  spread,  and  of  a light  yellowish  colour. 

7.  Potato  Starch  and  Rice  Flour. — These  only  dilute  the 
gluten  without  changing  its  quality,  as  they  consist  principally 
of  starch ; this  substance  is  the  adulteration  to  be  tested.  For 
this  purpose  take  a small  portion  of  the  flour  to  be  examined,  and 
add  to  it  an  equal  quantity  of  fine  sand ; by  triturating  this  mix- 
ture in  a mortar,  the  starch  granules  are  broken  up  ; then  add  water, 
a little  at  a time,  until  a homogeneous  paste  is  formed.  Let  the 
mixture  stand  a short  time  and  filter  it.  To  the  filtered  liquid 
add  an  equal  quantity  of  an  aqueous  solution  of  iodine.  If  the 
flour  be  pure,  the  liquid  becomes  of  a rosy  tint,  inclining  to  red , 
but  the  colouring  quickly  disappears ; if  starch  has  been  added, 
the  solution  is  violet  coloured,  and  slowly  disappears. 

Mineral  Adulterations. 

8.  Lime. — After  letting  the  milky  fluid,  obtained  in  washing- 
out  the  gluten,  stand  long  enough  to  settle,  pour  off  the  clear 
water,  carefully  turn  out  the  cake  at  the  bottom,  and  dry  it.  The 
top  of  this  (being  the  bottom,  of  the  sediment)  usually  contains 
such  adulterations  as  may  have  been  added  to  give  weight ; white 
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sand  is  sometimes  found.  Take  a portion  of  this  sediment,  burn 
it  to  ashes,  and  to  these  add  nitric  acid.  If  lime  is  present,  there 
will  probably  be  effervescence.  Neutralize  the  acid  solutions  with 
ammonia,  and  add  oxalic  acid : the  occurrence  of  a precipitate 
will  indicate  the  presence  of  lime. 

9.  Alum. — This  is  one  of  the  most  common  of  all  adultera- 
tions ; it  is  added  to  flour  to  make  the  bread  white,  and  to  facili- 
tate the  incorporation  of  water.  To  detect  it  thoroughly,  char 
(not  incinerate)  1000  grains  of  the  crum  of  the  bread  in  a covered 
platinum  crucible.  Powder  the  charred  mass  in  a clean  iron 
mortar,  and  put  the  powder  into  a glass  flask  with  a narrow  neck ; 
add  two  drams  of  hydrochloric  acid,  half  a dram  of  nitric  acid, 
and  two  drams  of  water.  Gently  heat  to  dryness  on  a sand-bath  ; 
when  dry,  boil  for  a few  minutes  with  half  an  ounce  of  water, 
containing  an  excess  of  pure  caustic  soda  made  by  the  direct 
oxidation  of  the  metal;  about  10  grains  will  be  sufficient.  Filter 
and  again  boil  the  charred  mass  with  two  drams  of  water,  filtrat- 
ing through  the  same  filter  paper,  adding  this  filtrate  to  the 
former  one.  This  should  be  allowed  to  stand  at  night,  so  that  the 
liquid  may  filter  through  completely.  Carefully  neutralize  the 
filtrate  with  hydrochloric  acid ; add  now  5 grains  of  phosphate  of 
sodium,  and  then  ammonia  in  slight  excess,  so  that  the  precipitate 
and  weight  is  as  phosphate  of  aluminium,  100  parts  of  which 
represent  384  parts  of  crystallized  alum. 

Dr.  C.  Meynott  Tidy,  to  whom  the  editor  is  indebted  for  the 
above  details,  adds,  the  main  points  are : — 

1st.  Only  to  char  the  bread ; to  incinerate  it  is  fatal,  the 
alumina  becoming  changed  to  an  insoluble  form,  and  some  of  it 
dissipated  as  chloride. 

2nd.  To  keep  the  solution  in  as  small  a bulk  as  possible. 

3rd.  To  see  that  the  precipitate  is  entirely  phosphate. 

10.  Magnesia. — The  effect  of  this  earth  on  flour  is  similar  to 
alum.  This  and  soap-stone,  or  any  other  substance  containing 
magnesia,  is  detected  thus  : — First  treat  the  ashes  from  the  sus- 
pected sample  for  the  detection  of  lime,  then  filter  the  remaining 
liquid,  and  add  to  it  double  its  bulk  of  chloride  of  ammonium  and 
a little  ammonia;  then  add  phosphate  of  sodium  and  stir  well. 
Allow  the  precipitate  to  settle,  collect  it  on  a filter  and  wash  with 
dilute  ammonia ; dry,  ignite,  and  weigh ; the  ignited  residue  is 
phosphate  of  magnesium , containing  36  per  cent,  of  magnesia. 

11.  Sulphate  of  Copper. — This  is  a powerful  irritant  poison.  It  is 
detected  by  treating  the  aslie3  of  the  flour  or  bread  with  nitric 
acid,  evaporating  to  dryness,  boiling  the  residue  with  distilled 
water,  and  filtering.  To  the  filtered  liquid,  solution  of-  ammonia 
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and  a few  drops  of  carbonate  of  ammonium  are  added ; on  cooling 
there  will  be  a copious  precipitate.  Filter  and  boil  to  expel  the 
excess  of  ammonia,  and  then  add  a few  drops  of  nitric  acid. 
Divide  the  liquid  into  two  portions ; to  one  add  ferrocyanide  of 
potassium,  and  to  the  other  hydrosulphuret  of  ammonia.  If  there 
is  the  least  particle  of  copper  present,  the  former  will  give  a red- 
dish brown,  and  the  latter  a dark  brown  precipitate. 

For  the  discovery  of  the  various  mixtures  of  flour,  meal,  starch, 
&c.,  to  the  practised  microscopist  no  other  means  are  so  simple 
or  so  accurate  as  the  microscope ; under  it  the  various  sizes  and 
shapes  of  the  granules  in  different  substances  are  displayed  with 
unerring  certainty. 

BRITilTJWIil  METAI.  See  ANTIMONY. 

BRITISH  BARILLA.  See  KELP. 

bromine. — This  substance,  which  is  used  to  some  con- 
siderable extent  for  the  daguerreotype  and  other  purposes,  is  a 
liquid  of  a deep  reddish-brown  colour,  of  a disagreeable,  suffo- 
cating odour  resembling  that  of  chlorine  gas.  Its  specific  gravity 
is  2-966,  and,  when  pure,  it  boils  at  1160  Fahr.  The  bromine  of 
commerce,  however,  often  requires  a temperature  of  248°  Fahr.  to- 
boil,  which,  according  to  M.  Poselger,  is  owing  to  the  presence 
of  variable  proportions  of  bromide  of  carbon,  resulting  from  the 
simultaneous  action  of  bromine  upon  the  ether  and  alcohol  em- 
ployed in  its  preparation. 

Bromine  may  be  purified  by  distilling  and  collecting  only  the 
first  portions  that  pass  over. 

Pure  bromine  is  only  sparingly  soluble  in  water ; but  it  dissolves 
better  in  alcohol.  Its  best  solvent,  however,  is  ether. 

M.  Poselger,  in  the  ‘ Poggendorf ’s  Annalen,’  says : — 

‘ During  the  distillation  of  certain  samples  of  bromine  of  com- 
merce, I observed  that  the  boiling-point  of  the  liquid  stood  at 
478-4  instead  of  251-6°  Fahr.,  and  that  the  liquid  acquired  a lighter 
and  lighter  colour,  and  became  in  the  end  perfectly  colourless.  I 
carried  the  distillation  to  dryness,  and  found  a residue  of  charcoal. 

‘ In  separating  the  bromine  from  the  last  portion  of  the  dis- 
tilled liquid  by  means  of  solution  of  potash,  an  oily  aromatic 
colourless  liquid  was  obtained,  which,  upon  analysis,  turned  out 
to  be  bromide  of  carbon. 

1 This  admixture  of  bromide  of  carbon  was  found  in  divers 
samples  of  bromine  of  commerce  to  the  extent  of  6 to  8 per 
cent,  of  the  article.  It  is  most  probable  that  the  bromide  of  car- 
bon owes  its  origin  here  to  the  ether  used  for  the  preparation  of 
the  bromine.’ 

Bromide  of  Potassium. — When  this  salt  is  suspected  to  bo 
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mixed  with  iodide  of  potassium,  place  a few  grains  on  a paper 
previously  impregnated  with  starch  paste ; moisten  it,  and  admit 
a small  quantity  of  chlorine  gas,  whereby  the  iodine  is  set  free, 
and  the  paper  coloured  blue.  A better  test  is  the  use  of  bromine 
water,  added  to  the  salt  after  it  has  been  placed  in  benzol ; if 
the  latter  becomes  red-coloured,  iodine  is  present. 

Detection  of  Chloride  in  Bromide  of  Potassium. — The  bromide 
is  first  tested  for  iodine.  For  this  purpose  a small  quantity  of  the 
salt  is  dissolved  in  water  in  a test-tube,  and  an  equal  volume  of 
disulphide  of  carbon  added.  Upon  the  addition  of  a few  drops  of 
bromine  water  the  disulphide  becomes  coloured  violet  under  the 
influence  of  iodine  if  this  be  present.  When  this  is  the  case,  the 
whole  of  the  iodine  must  be  removed.  About  ten  grammes  of  the 
salt  are  dissolved  in  distilled  water,  and  bromine  water  added 
until  the  violet  vapours  are  no  longer  visible  upon  boiling  ; the 
solution  is  then  evaporated  to  dryness  to  remove  the  excess  of 
bromine,  and  thus  is  obtained  a bromide  of  potassium  free  from 
iodide,  but  which  may  contain  chloride. 

The  remainder  of  the  process  depends  upon  the  fact  that  a 
given  weight  of  chloride  of  potassium  requires,  for  complete  pre- 
cipitation, a much  greater  amount  of  a standard  solution  of  nitrate 
of  silver  than  the  same  weight  of  bromide  of  potassium ; while  the 
bromide,  for  complete  precipitation  of  one  gramme,  requires  1 ’428 
grammes  of  nitrate  of  silver ; one  gramme  of  the  chloride  requires 
2'278  grammes.  A standard  solution  of  nitrate  of  silver  is  first 
prepared  by  dissolving  10  grammes  of  the  pure  salt  in  a litre  of 
water,  each  i-ioth  cubic  centimetre  corresponding  to  1 milligramme 
of  nitrate  of  silver. 

One  gramme  of  the  bromide,  to  be  examined  freed  as  above 
from  iodine,  is  dissolved  in  100  c.c.  of  distilled  water ; 10  c.c.  of 
this  solution,  representing  6'i  grm.  of  bromide  of  potassium,  would 
require,  if  pure,  14-2  c.c.  of  the  silver  solution ; chloride  of  potas- 
sium would  require  227  c.c. 

M.  Baudrimonx  has  proposed  a method  of  making  the  final 
re-action  more  delicate,  by  adding  a few  drops  of  solution  of  chro- 
mate of  potassium  to  the  bromide  under  examination.  The  nitrate 
of  silver  added  at  first  combines  with  the  whole  of  the  bromine 
-and  chlorine  in  preference,  and  the  complete  precipitation  is  marked 
by  the  production  of  the  red  precipitate  of  chromate  of  silver.  It  is 
obvious  that  the  bromide  contains  more  or  less  chloride,  according 
as  the  number  of  burette  divisions  (divided  into  i-ioth  c.c.)  of  the 
silver  salt  required  exceeds  142.  With  a salt  containing  i-ioth 
of  its  weight  of  chloride  of  potassium,  1 5 1 divisions  are  required  : 
and  with  a mixture  of  equal  weights  of  chloride  and  bromide,  185 
divisions. 
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BRONZE  (Bell-metal,  Gun-metal). — The  above  alloys 
consist  chiefly  of  copper  and  of  tin  in  various  proportions,  -with 
sometimes  a small  quantity  of  zinc  or  of  lead,  or  of  both  zinc  and 
lead.  The  results  of  several  analyses  are  as  follow : — 
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Analysis  of  Bronze , Bell-,  or  Gun-metal. — The  following  pro- 
cess has  been  employed  for  some  years  in  IT.  Sainte-Claire 
Develle’s  Laboratory  at  the  Ecole  Normale  (l  Chem.  News’)  : — 

Dissolve  about  five  grammes  of  the  alloy  in  strong  nitric 
acid  5 boil  for  about  twenty  minutes ; dilute  with  two  or  three 
times  its  bulk  of  water,  and  boil  again  for  the  same  time.  Sepa- 
rate the  insoluble  oxide  of  tin ; wash,  calcine,  and  weigh.  The 
nitric  acid  solution  freed  from  the  tin  is  evaporated  to  dryness, 
and  the  residue  calcined  at  a dull  red  heat.  In  this  manner  a 
mixture  of  oxides  is  obtained  in  sufficient  quantity  to  suffice  for 
at  least  two  analyses. 

About  two  grammes  of  the  finely  pulverized  oxides  are  placed 
in  a small  platinum  or  porcelain  boat,  and  introduced  into  a small 
glass  tube,  closed  with  a good  cork,  suitable  for  weighing.  The 
boat,  the  tube,  and  the  cork  having  been  previously  weighed,  the 
weight  of  the  oxides  is  obtained,  after  they  have  been  heated  to 
dull  redness  in  the  apparatus,  through  which  a current  of  dry  air 
circulates.  After  having  weighed  the  whole,  the  current  of  air  is 
replaced  by  dry  hydrogen,  and  the  tube  is  heated  over  a lamp 
until  the  contents  cease  to  lose  weight.  It  then  contains  unreduced 
oxide  of  zinc , together  with  copper , lead , and  iron  in  the  metallic 
state. 

The  colour  of  the  product  shows  the  operation  when  the  expe- 
riment ia  concluded.  On  weighing  again,  the  loss  of  weight  indi- 
cates with  great  accuracy  the  amount  of  oxygen  contained  in  these 
three  metals. 

If  the  iron  and  lead  are  present  in  inappreciable  quantities, 
by  multiplying  this  loss  by  five  will  be  given  very  nearly  the 
weight  of  copper  present,  and  in  consequence  the  composition  and 
the  alloy  itself.  In  an  approximate  analysis  of  gun-metal,  the  opera- 
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tion  will  therefore  be  terminated.  If,  however,  a complete  ana- 
lysis is  required,  proceed  as  follows : — 

Prepare  a roughly  standard  solution  of  pure  sulphuric  acid. 
Of  this  solution,  in  200  or  300  c.c.  of  water,  take  a sufficient  quan- 
tity to  dissolve  about  double  the  amount  of  the  mixed  iron  and  zinc 
which  are  supposed  to  be  present.  Boil  the  acid  liquid  to  com- 
pletely expel  the  air,  and  cool  it  in  a flask,  which  should  be  almost 
full  and  well  corked ; then  introduce  into  it  the  platinum  or  por- 
celain boat,  containing  the  oxide  of  zinc  and  the  reduced  metals. 
The  oxide  of  zinc  quickly  dissolves,  together  with  the  iron,  the 
solution  of  which  is  facilitated  by  the  presence  of  the  metallic 
copper.  The  copper  and  lead  remain.  The  flask  must  be  fre- 
quently shaken,  so  as  to  diffuse  these  metals  throughout  the 
liquid,  and  the  whole  is  allowed  to  stand  for  some  hours;  the 
clear  liquid  is  then  carefully  decanted,  and  the  metals  washed 
with  boiling  water. 

The  solution  contains  only  the  sulphates  of  zinc  and  iron; 
evaporate  to  dryness,  heat  the  sulphates  to  a temperature  of  about 
400°  C.,  and  weigh.  If  no  iron  is  present,  the  amount  of  zinc 
present  may  be  calculated  at  once.  If  iron  be  present,  to  the 
solution  of  the  sulphates  acetate  of  sodium  is  added  in  excess,  and 
brisk  ebullition  will  bring  down  all  the  iron  as  basic  acetate. 
From  the  filtrate  acidified  with  acetic  acid  a stream  of  sulphuretted 
hydrogen  will  precipitate  the  zinc. 

The  mixture  of  copper  and  lead  is  dissolved  in  sulphuric  acid, 
containing  a little  nitric  acid ; the  solution,  more  or  less  turbid 
from  the  presence  of  sulphate  of  lead,  is  heated  to  about  400°  C. 
The  mixed  sulphates  are  weighed,  and  the  sulphate  of  copper 
extracted  with  water.  Sulphate  of  lead  will  remain ; the  weight, 
if  subtracted  from  total  weight  of  the  sulphates,  will  give  the  sul- 
phate of  copper. 

BUTTER. — In  milk  the  fatty  matter  exists  in  the  state  of 
minute  globules,  suspended  in  a solution  of  casein  and  sugar,  and 
surrounded  with  a thin  white  envelope,  probably  of  casein,  by 
which  they  are  prevented  from  running  together,  and  thereby 
forming  oily  drops.  When  cream  (which  contains  a greater 
number  of  oily  globules  and  less  water  than  milk)  is  heated,  the 
globules  rise  to  the  surface,  and  after  a time  break  through  their 
coverings  and  run  together  into  a film  of  melted  fat.  This  union 
of  the  globules  is  also  brought  about  by  mechanical  means,  as  in 
the  ordinary  practice  of  churning,  and  it  is  greatly  promoted  by 
the  presence  of  free  acid  ; hence  cream,  for  the  purpose  of  churn- 
ing, is  usually  allowed  to  become  sour.  Daring  this  process  the 
temperature  of  the  cream  rises,  and  the  fatty  matter  unites  into 
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small  grains,  and  finally  into  lumps,  which  form  ordinary  butter. 
Sometimes  the  whole  milk  is  churned,  and  the  proportion  of 
butter  obtained  is  said  to  be  thereby  increased ; the  labour,  indeed, 
is  much  greater  in  consequence  of  the  difficulty  of  keeping  in 
motion  such  large  quantities  of  liquid,  but  this  is  compensated  for 
in  the  neighbourhood  of  towns,  especially  in  Scotland  and  Ireland, 
where  there  is  a ready  sale  for  the  butter-milk. 

Butter,  then,  consists  of  the  fat  of  milk,  intimately  mixed  with 
a more  or  less  considerable  proportion  of  casein  and  water,  and 
with  a small  quantity  of  sugar  and  milk ; it  usually  contains, 
moreover,  some  colouring  matter  and  some  aromatic  or  other 
similar  ingredients  derived  from  the  plants  on  which  the  cow 
has  fed,  and  to  which  its  peculiar  flavour  is  owing. 

The  proportion  of  cheesy  matter  contained  in  butter  varies 
greatly ; it  depends,  amongst  other  things,  on  the  mode  of  prepar- 
ing the  butter,  and  on  the  nature  of  the  food  on  which  the  cow 
has  been  fed.  According  to  Chevretjl  (Johnston’s  ‘Agricultural 
Chemistry’),  fresh  butter,  on  an  average,  contains  about  16  per 
cent.,  five-sixths  per  cent,  of  pure  fat,  and  about  16  per  cent,  of 
casein , sugar , and  water.  From  these  substances  the  fat  of  butter 
may  be  obtained  in  a nearly  pure  state  by  melting  the  butter  at  a 
temperature  of  I4o°to  i8o°  F.,  pouring  the  fluid  oil  into  water  of 
the  same  temperature,  and  agitating  repeatedly  with  fresh  por- 
tions of  water  as  long  as  anything  soluble  is  taken  up.  After  a 
time,  and  in  a warm  place,  the  melted  fat  rises  to  the  surface  in 
the  form  of  a nearly  colourless  transparent  oil,  which,  on  cooling, 
solidifies  into  a colourless  mass.  The  fat,  thus  deprived  of  its 
nitrogenous  and  other  impurities,  may  be  preserved,  without 
becoming  rancid,  for  a much  longer  time  than  ordinary  butter. 
By  submitting  pure  solid  butter-fat  to  powerful  pressure  in  a linen 
cloth  at  the  temperature  of  6o°,  a slightly  yellow  transparent  oil 
will  flow  out,  and  a solid  white  fat  will  remain  behind ; the  first  is 
called  oleine  or  batter-oil , and  the  second  margarine ; and  of  these 
two  substances  the  pure  fat  of  butter  almost  entirely  consists, 
although,  as  may  be  supposed,  their  relative  proportions  are  liable 
to  great  variations.  The  other  substances  formed  in  butter  are 
butyric , capric  and  caproic  acids ; in  perfectly  fresh  butter  they  are 
present  in  very  small  quantities  only.  Thus  a sample  of  butter 
made  in  the  month  of  May,  analyzed  by  Bromeis  (Jornston’s 
* Agricultural  Chemistry,’)  gave — Pci  c 

Margarine 68 

Butter-oil 30 

Butyric,  caproic  and  capric  acids  ...  2 
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but  by  exposure  to  the  air  they  are  gradually  formed  in  the  butter, 
and  it  is  to  their  presence  that  rancid  butter  derives  its  disagreeable 
smell. 

Milk  on  an  average  yields  from  4-5  to  5-5  per  cent,  of  butter, 
and  a cow  (says  Dr.  Tidy)  might  be  stated  roughly  to  yield  about 
one  pound  daily. 

Adulteration  of  Butter. — In  a paper  read  at  a meeting  of  the 
Society  of  Medical  Officers  of  Health,  Dr.  C.  Meyhott  Tidy 
relates  his  experience  in  his  capacity  of  public  analyst  as  regards 
butter  adulterations.  The  first  adulteration  is  water.  100  grains 
of  pure  butter  dried  in  a weighed  platinum  capsule  for  several 
hours  at  220°  F.,  loses  from  5 to  8 per  cent,  of  water,  but  by 
beating  out  the  butter  and  sprinkling  it  with  water  he  has  been 
able  to  incorporate  as  much  as  28  per  cent.  Out  of  130  samples 
purchased  at  different  shops  in  Kent,  Dr.  Tidy  found  in  seven 
7 to  9 per  cent,  of  water ; in  twenty-one  from  9 to  10  per  cent. ; in 
thirty -four  from  10  to  13  per  cent. ; in  forty-two  from  14  to  17  per 
cent. ; in  seventeen  from  18  to  27  per  cent. ; and  in  nine  over  25  per 
cent.  Thus  water  might  become  a very  serious  adulteration  of 
butter.  The  next  adulteration  is  salt.  In  the  preparation  of 
butter,  salt  is  always  added,  4 per  cent,  being  a fair  quantity.  In 
twelve  samples  of  undoubtedly  pure  butter,  Dr.  Tidy  found,  by  the 
simple  process  of  incineration,  5 ‘2  percent,  of  salt;  in  twenty- 
seven  samples  purchased  indiscriminately  he  found  that  two  samples 
contained  less  than  3 per  cent,  of  salt,  two  between  3 and  4 per 
cent. ; three  between  4 and  5 per  cent. ; four  between  5 and  6 per 
cent. ; ten  between  6 and  7 per  cent ; tivo  between  7 and  8 per 
cent;  one  between  8 and  9 per  cent.;  tivo  10  per  cent.,  and  one 
17  per  cent.  Over  7 per  cent,  of  salt  Dr.  Tidy  considers  exces- 
sive. Another  adulteration  is  produced  by  the  incorporation  with 
butter  of  dripping,  lard,  suet,  and  other  fats.  These  cannot  be 
mixed  with  butter  when  they  are  in  the  melted  state,  but  only 
when  cold ; hence  the  mixture  is  never  perfect.  The  fats,  unlike 
butter,  contain  stearine,  pahnatine , &c.,  in  considerable  amount. 
To  trace  the  presence  of  these  fats,  the  melting  and  solidifying 
points  of  the  butter  must  be  noted.  Butter  melts  at  an  average 
at  75°  and  solidifies  at  63° ; dripping  melts  at  79-5°,  and  solidifies 
at  72-5°,  and  suet  melts  at  82°  and  solidifies  at  750,  and  suet 
melts  at  82°  and  solidifies  at  7 50.  Another  test  is  the  taste.  The 
taste  of  real  butter  can  be  detected  even  when  it  has  been  most 
extensively  mixed.  Pure  butter  melts  quickly  on  the  tongue,  and 
there  is  no  sense  of  granulation ; but  when  adulterated  with  other 
fats  it  melts  much  more  slowly,  and  a peculiar  granulated  feel  in 
the  mouth  is  produced  as  the  last  few  grains  disappear.  The 
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odours  of  butter  and  dripping  are  easily  distinguishable,  but  tbe 
smell  of  lard  when  mixed  with  butter  is  not  so  soon  detected. 
Good  butter  is  generally  of  a rich  yellow  colour,  entirely  uniform ; 
but  when  adulterated  tbe  colour  is  much  paler,  and  it  is  marbled, 
owing  to  tbe  imperfect  admixture  of  other  fats.  Streaky  butter  is 
to  be  regarded  generally  with  suspicion.  In  good  butter  a uniform 
surface  is  produced  by  passing  a clean  knife  rapidly  over  it,  but 
impure  butter  has  a granulated  appearance.  % ^ 

In  the  Liverpool  and  Manchester  ‘ Medical  and  Surgical  Re- 
ports,’ 1873,  J.  Campbell  Brown,  D.  Sc.  (Lond.)  F.C.S.,  haf' 
published  a paper  on  the  examination  of  butter. 

In  drawing  up  the  following  directions  Dr.  Brown  remarks 
that  he  has  made  free  use  of  the  observations  of  Dr.  Ballard 
(c  Chem.  News,’  vols.  iv.  and  v.)  and  the  scheme  of  Dr.  Parkes 
(‘  Ilygeine,’  chap.  v.  sec.  xi.),  but  that  he  depends  chiefly  on  his 
own  observation  on  a large  number  of  samples  from  different 
sources  made  in  the  capacity  of  public  analyst  for  Liverpool, 
Cheshire,  and  the  Isle  of  Man  during  the  years  1871-2. 

Scheme  eor  Examination  oe  Better. 

1.  Weigh  out  an  ounce  of  the  sample  and  place  it  in  a test- 
tube  seven-eighths  of  an  inch  in  diameter,  and  melt  by  placing  it 
in  hot  water.  Place  a thermometer  with  a pear-shaped  bulb  so 
that  the  bulb  shall  be  in  the  middle  of  the  fat,  about  1 inch  below 
the  surface,  and  allow  the  whole  to  cool  spontaneously.  If  the 
quantity  of  water  contained  in  the  butter  be  large,  it  will  collect 
in  the  tube  below  the  fat ; the  casern  will  also  collect  in  the  lower 
part  of  the  tube.  Watch  the  mass  as  it  cools,  and  note  when 
solidification  commences  and  when  it  is  complete.  The  following 
are  the  average  solidification-points  : — 

With  pure  butter  the  thermometer  is  obscured  between  740  and 
68°,  and  the  mass  is  solid  at  6o°. 

Beef  dripping  obscures  the  thermometer  at  790  and  is  solid 
at  720. 

Mutton  dripping  obscures  the  thermometer  at  about  85°  and  is 
solid  at  about  84°. 

Lard  obscures  tbe  thermometer  at  84°  and  is  solid  between 
790  to  70° ; but  it  often  remains  soft  as  butter  at  a much  lower 
temperature. 

Mixtures  solidify  at  intermediate  temperatures. 

2.  Determine  the  quality  of  the  butter  by  the  taste  and  smell 
of  the  re-congealed  fat  and  of  the  original  sample. 

3.  Examine  several  portions  of  the  original  sample  by  means  of 
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a good  microscope,  using  a^-  or  § ineli  object-glass.  In  butter 
made  from  milk  or  cream  nothing  is  seen  except  the  characteristic 
globules  and  the  granular  masses  of  curd  and  the  cubical  crystals 
of  salt.  The  hard  fats  of  butter  are  present  in  the  globules  in  a 
state  of  solution,  and  are  not  recognizable  in  a separate  form. 

If  stearic  acid  or  palmitm  be  present  in  a separate  form,  they 
will  be  recognised  by  single  fusiform  crystals.  They  indicate  the 
presence  of  melted  fats. 

Other  substances,  such  as  starch, flour,  palm-oil  corpuscles,  Irish 
moss,  colouring  matter,  &c.,  may  also  be  distinguished  by  the 
microscope  as  distinct  from  butter  or  fats. 

4.  Examine  the  same  portions  with  the  same  object-glass, 
together  with  a polariscope  consisting  of  two  Nicol’s  prisms  and  a 
selenite  plate.  The  crystals  referred  to  in  (3)  polarise  light,  and 
when  viewed  by  the  microscope  are  more  distinctly  defined. 
Particles  of  suet  and  other  fats,  which  have  not  been  melted,  may 
also  be  distinguished  by  their  action  on  polarised  light,  by  their 
amorphous  form,  and  by  their  membranes. 

5.  Repeat  the  microscope  examination  after  the  addition  of 
tincture  of  iodine,  acetic  acid  and  other  reagents  employed  for 
detection  of  substances  other  than  fat. 

6.  Weigh  carefully  a convenient  quantity  of  the  sample,  say 
one  ounce,  in  a tared  porcelain  dish,  evaporate  in  a water-bath 
until  free  from  water,  and  weigh  again.  The  difference  in  the 
amount  of  water  per  ounce  should  not  exceed  35  grains  (5  to  10 
per  cent,  according  to  Parkes). 

7.  Dissolve  the  residue  in  ether,  warming  gently  till  the  whole 
of  the  fat  is  dissolved ; filter  through  a weighed  filter-paper,  col- 
lecting the  filtrate  in  a beaker ; then  wash  the  dish  and  filter- 
paper  with  ether  until  the  whole  of  5 or  6 oz.  has  been  used,  and 
allow  the  whole  to  stand  for  some  time  at  the  temperature  of  65°. 

8.  Dry  the  precipitate  on  the  filter  and  weigh.  Deduct  the 
weight  of  the  filter-paper ; the  remainder  is  (approximately)  the 
amount  of  lard,  or  casein  and  salt. 

9.  Wash  the  precipitate  with  boiling  water  and  dry  at  212° 
and  weigh  ; deduct  the  weight  of  the  filter-paper ; the  remainder 
is  the  amount  of  lard  or  casein,  which  in  good  butter  should  not 
exceed  1 5 per  cent.  (3  to  5 per  cent,  according  to  Parkes). 

10.  Estimate  the  salt  by  means  of  nitrate  of  silver  in  the 
aqueous  washing  from  (9),  or  wash  a weighed  portion  of  the  butter 
thoroughly  with  distilled  water  and  determine  the  salt  by  nitrate 
of  silver.  It  should  not  amount  to  more  than  8 grains  per  oz.  in 
fresh  butter  (0-5  to  2 per  cent,  according  to  Parkes)  ; or  35  grains 
per  oz.  in  salt  butter  (8  per  cent,  according  to  Parkes). 
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1 1.  If  the  ethereal  solution  of  the  fat  from  (7)  has  formed  a de- 
posit at  65°,  decant  and  filter  ofF  the  clear  solution,  and  examine 
the  deposit,  which  is  probably  stearin,  according  to  (12). 

Allow  the  ethereal  solution  to  evaporate  down  to  3 oz.  and  let 
it  stand  for  some  time  at  65°.  Filter  off  the  deposit,  which  may 
still  contain  some  stearin  mixed  with  palmitin,  and  examine  it 
separately,  according  to  (12).  If  the  butter  is  adulterated,  some 
of  the  stearin  and  much  of  the  palmitin  will  still  remain  in  solu- 
tion, and  may  be  obtained  by  continuing  the  process  of  spontaneous 
evaporation. 

Some  samples  of  pure  butter  yield  no  deposit  from  3 oz.  of 
ether  at  65°;  hut  fairly  good  butter  will  generally  form  a slight 
deposit,  the  amount  of  which  varies  in  different  samples.  A sample 
of  butter  known  to  be  pure  should  be  examined  side  by  side  with 
the  sample  supposed  to  be  adulterated ; and  as  winter  butter  is 
more  solid  fat  than  summer  butter,  the  former  should  be  chosen  for 
the  comparative  experiment. 

12  (a).  Place  each  of  the  above-mentioned  deposits  in  a thin 
weighed  glass  tube,  and,  after  evaporating  off  the  ether,  weigh  the 
fat,  and  determine  its  melting-point.  Melt  carefully,  and  allow  it 
to  cool  gradually.  Place  a small  accurately-graduated  thermo- 
meter with  pear-shaped  bulb  in  the  melted  fat,  and  observe  the 
temperature  at  which  the  latter  begins  to  solidify.  When  quite 
solid,  rewarm  the  tube  gradually,  by  placing  it  in  water,  the  tem- 
perature of  which  is  slowly  raised,  and  observe  the  remelting 
point  of  the  fat. 

(&).  Or  melt  the  fat  in  a thin  glass  or  porcelain  dish,  floated  in 
water,  the  temperature  of  which  is  slowly  raised,  a thermometer 
being  placed  in  the  water.  In  this  case  the  apparent  melting 
point  will  be  2 or  3 above  the  correct  figure ; but  the  relative 
differences  between  the  melting  points  of  the  several  deposits  will 
be  the  same  as  in  (12  a ). 

13.  Determine  the  taste  and  smell  of  each  of  the  deposits. 

14.  The  number  of  grains  per  oz.  may  be  reduced  to  parts  per 
cent,  by  multiplying  by  the  factor  0-22857. 

buttes,  of  cocoa.  See  Oils. 

cajeput-oii,. — Cajeput-oil  is  an  essential  or  volatile  oil 
extracted  by  distillation  from  the  dried  leaves  of  the  cajeput-tree 
( Melaleuca  leucadenclron , Melaleuca  cajeputi,  Melaleuca  leucadendron 
of  LiKJUErs),  which  grows  at  Amboyne,  Borneo,  and  other  Eastern 
islands.  It  is  transparent,  of  a fine  green  colour,  very  fluid,  lighter 
than  water,  very  volatile.  It  has  a strong  odour  resembling  that 
of  a mixture  of  camphor  and  oil  of  turpentine,  or  rather  of  camphor 
and  cardamums  ; it  has  a pungent  and  fresh  taste,  analogous  to  that 
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of  camphor.  The  green  colour  is  often  due  to  the  presence  of 
oxide  of  copper,  from  the  copper  flasks  in  which  it  is  generally 
imported,  but  this  colour  does  not  seem  to  be  altogether  referable 
to  that  substance,  for  according  to  Leverkon  the  green  cajeput-oil 
consists  of  two  oils  which  may  be  isolated  by  distillation : at  first 
-Jths  of  the  oil  operated  upon  pass  off  in  a colourless  state,  and 
of  a specific  gravity  0 S97 ; then  a green  oil  comes  over  much  more 
slowly,  and  of  a specific  gravity  0-920,  of  a more  feeble  odour  and 
more  acrid  taste. 

The  presence  of  copper  is  easily  detected  in  cajeput  oil,  by 
pouring  some  very  dilute  hydrochloric  acid  in  the  oil,  shaking 
the  whole  well,  decanting  the  oil,  and  pouring  a solution  of  ferro- 
.cyanide  of  potassium  in  the  residuary  liquor,  which  will  then 
assume  a red  or  reddish-brown  colour  from  the  precipitate  of  ferro- 
>cyanide  of  copper  produced. 

The  presence  of  copper  may  also  be  recognised  by  immersing 
a bar  of  bright  iron  in  the  liquor  treated  as  above,  when  a 
"deposit  of  metallic  copper  will  take  place  on  the  bar  of  iron. 

Cajeput-oil  is  often  adulterated  with  essential  oil  of  turpentine, 
of  rosemary,  or  of  savine  with  addition  of  camphor,  &c.,  and 
coloured  with  resin  of  milfoil  ( Achillea  millefolium) . 

CALAMISTE.  See  ZlNC  ORES. 

CAIiOMEL  (Subchloride  of  Mercury,  Chloride  of  Mer- 
cury, Aquila  Alba,  Mercurius  Sulcis).  See  MERCERY. 

capivi.  See  Copaiba. 

capsicum.  See  Cayenne  Pepper. 

CARBONATE  OP  AMMONIUM  (Sesquicarbonate  of 
Ammonium)  ; Smelling-  Salts. 

The  sesquicarbonate  of  ammonium  of  commerce  often  contains 
■sal  ammoniac , sulphate  of  ammonium , some  organic  matter , and  also 
■ sometimes  traces  of  carbonate  of  lead  or  a salt  of  calcium.  These 
impurities  may  be  detected  as  follows : — 

Pure  sesquicarbonate  of  ammonium,  being  heated  in  a pla- 
tinum crucible,  should  evaporate  without  residuum.  If  a carbo- 
naceous residue  is  left,  it  is  owing  to  the  presence  of  organic 
matter ; if  it  is  fixed,  it  may  be  carbonate  of  lead,  or  a salt  of 
calcium,  which  are  distinguished  from  each  other  by  moistening 
-the  residue  with  hydrosulphuret  of  ammonia,  by  which  it  will  he 
blackened  if  lead  is  present;  whilst  it  will  undergo  no  change  of 
colour  if  it  consists  of  lime.  Moreover,  if  the  ammoniacal  salt 
contains  carbonate  of  lead,  the  latter  substance  will  remain  in  an 
insoluble  state  in  treating  the  salt  with  water. 

If  sal  ammoniac , or  any  other  chloride  be  present,  the  sesqui- 
carbonate of  ammonium  under  examination  should  be  dissolved  in 
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■water,  and  the  solution,  being  tested  by  nitrate  of  silver,  will  then 
produce  a white  turbidness  or  precipitate,  according  to  the  amount 
of  the  chloride  present. 

If  sesquicarbonate  of  ammonium  be  contaminated  by  sulphate 
of  ammonium,  an  addition  of  nitrate  of  barium  to  the  aqueous 
solution  of  the  salt,  previously  supersaturated  with  nitric  acid, 
will  produce  a precipitate  of  sulphate  of  barium. 

As  these  impurities  exist  generally  in  exceedingly  small  quan- 
tities only,  their  amount  is  best  estimated  by  means  of  test- 
liquors  of  nitrate  of  silver,  or  of  barium,  of  a known  strength.  The 
analytical  process  is  then  managed  exactly  as  was  described  in  the 
article  on  Alkalimetry. 

When  sesquicarbonate  of  ammonium  is  contaminated  by 
empyreumatic  oil,  it  leaves  a small  carbonaceous  residuum  after 
ignition,  and  its  solution  in  dilute  acids  is  brown  or  even  black. 

As  sesquicarbonate  of  ammonium,  when  left  exposed  to  the 
air,  becomes  gradually  converted  into  bicarbonate  of  ammonium,  a 
little  of  the  latter  salt  is  always  present. 

Pure  sesquicarbonate  of  ammonium  is  translucid  and  colour- 
less. 

carbonate  or  BAX&XU1WC Carbonate  of  barium  is  often 

adulterated  with  sulphate  of  barium,  or,  at  any  rate,  that  which  is 
sold  as  carbonate  of  barium  contains  sometimes  an  extremely  large 
proportion  of  sulphate  of  barium,  the  presence  of  which,  however, 
is  easily  detected  by  dissolving  a portion  of  the  sample  in  dilute 
hydrochloric  or  nitric  acid.  If  sulphate  of  barium  be  present,  it 
will  remain  in  an  insoluble  state,  for  carbonate  of  barium  is  com- 
pletely soluble  in  both  these  acids. 

Sulphuric  acid  being  poured  in  the  above  solution,  should  re- 
precipitate the  whole  of  the  barium  in  the  state  of  sulphate  of 
barium,  which  being  washed,  dried,  ignited,  and  weighed,  should 
be  in  the  proportion  of  1 1 7 grains  for  every  99  grains  of  carbonate 
of  barium  operated  upon ; and  the  liquor  filtered  from  the  sul- 
phate of  barium  so  produced  should  not  yield  the  slighest  pre- 
cipitate by  caustic  ammonia,  nor  by  hydrosulphuret  of  ammonia, 
carbonate  of  potassium,  or  of  sodium,  oxalate  of  ammonium,  or 
other  reagents.  Any  precipitate  which  may  be  so  produced  is 
an  impurity. 

Whether  the  carbonate  of  barium  under  examination  is  pure  or 
not  may  also  be  ascertained  by  boiling  a certain  quantity  of  it  in 
distilled  water,  filtering,  and  evaporating  the  filtrate  to  dryness. 
If  a residuum  is  left,  it  is  an  impurity.  However,  Fresenius  has 
shown  that  carbonate  of  barium  is  not  altogether  insoluble  in 
water,  since  14137  parts  of  water  dissolve  one  part  of  carbonate  of 
barium. 
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CABBOHATE  OS’  C03P3PER.  See  COPPER  ORES. 

CA.S,EOPJil.TH  OP  LEAD  (WUlte  X.e  ad,  Eamtmrgr 

"WTalte,  Butcla  Wiiite,  Venice  VTIaite). — White  lead  is  a com- 
bination of  carbonic  acid  and  lead,  of  a fine  white  colour,  in- 
soluble in  water ; it  is  decomposed  by  a red  beat,  which  expels 
the  carbonic  acid  and  leaves  protoxide  of  lead. 

White  lead  is  a most  important  article  of  commerce ; it  forms 
the  base  of  most  oil-paints,  and  of  glaziers’  cement. 

The  genuine  white  lead  of  commerce,  however,  is  not  altogether 
pure  carbonate  of  lead ; it  contains  also  generally  a small  portion 
of  hydrated  oxide  of  lead,  the  presence  of  which  appears  to  be 
necessary  to  obtain  the  fullest  covering  or  coating  power. 

White  lead  is  adulterated  to  an  enormous  extent;  the  pig- 
ments known  under  the  names  of  Hamburg  white,  Venice  white, 
&c.,  are  in  reality  acknowledged  sophistications  of  that  substance. 

The  principal  adulterations  of  white  lead  are  sulphate  of 
barium,  sulphate  of  lead,  chalk,  and  lime. 

The  presence  of  sulphate  of  barium  and  of  sulphate  of  lead  may 
be  easily  detected  by  treating  a known  weight  of  the  white  lead 
(ioo  grains  for  example)  under  examination  with  an  excess  of 
dilute  nitric  acid.  A slight  effervescence  is  at  first  produced,  and 
when  it  is  seen  that,  after  having  boiled  the  liquor,  and  although  the 
acid  is  in  excess,  all  action  has  ceased,  the  whole  is  poured  into  a 
large  porcelain  capsule,  and  evaporated  to  dryness  at  a gentle  heat. 
The  dry  residuum  should  then  be  treated  by  distilled  water,  in 
order  to  redissolve  the  nitrates  which  have  been  formed,  and  the 
whole  is  thrown  on  a filter.  The  precipitate  or  insoluble  portion 
which  is  left  on  the  filter,  consisting  of  sulphate  of  lead  or  of 
sulphate  of  barium,  should  be  carefulty  washed,  dried,  ignited, 
and  then  weighed. 

In  order  to  detect  whether  this  insoluble  portion  consists  of 
sulphate  of  barium  or  of  sulphate  of  lead,  a few  drops  of  hydro- 
sulphuret  of  ammonia  should  be  poured  upon  it.  If  it  turns  black, 
it  indicates  that  the  precipitate  consists  of  sulphate  of  lead ; it 
remains  white,  it  is  sulphate  of  barium. 

As,  however,  both  sulphate  of  lead  and  of  barium  might  be 
present  in  the  white  lead  under  examination,  and  perhaps  also 
silica,  in  fine  powder,  it  is  necessary  to  proceed  as  follows  : — 

A portion  of  the  dry  residuum,  insoluble  in  dilute  nitric 
acid,  having  been  well  washed  and  dried,  is  to  be  heated 
before  the  blowpipe  upon  a piece  of  charcoal ; and  if,  upon 
moistening  it  with  hydrochrolic  acid,  a distinct  odour  of  sul- 
phuretted hydrogen  is  evolved,  the  operator  may  rest  assured  that 
sulphate  of  barium  is  present. 
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Admitting,  therefore,  that  these  three  substances  are  present, 
the  operator  should  thoroughly  mix  the  insoluble  and  well-washed 
residuum  with  about  three  times  its  weight  of  carbonate  of 
potassium,  and  fuse  it  for  about  half  an  hour  in  a porcelain  crucible, 
taking  care  to  moderate  the  heat  at  first,  for  fear  the  mass  should 
boil  over.  The  mass  having  been  fused,  and  having  cooled,  is  to 
be  treated  with  hot  water,  and  boiled  therewith.  The  solution  is 
filtered ; the  filtrate  is  carefully  supersaturated  with  dilute  nitric 
acid,  which  should  be  added  by  small  portions  at  a time,  on 
account  of  the  effervescence,  and  the  whole  is  evaporated  to  dry- 
ness. The  dry  mass  being  now  treated  by  boiling  water,  if  an 
insoluble  gritty  residuum  is  left,  it  is  silica. 

If  the  liquor  filtered  from  the  silica,  being  treated  by  a current 
of  sulphuretted  hydrogen,  yields  a black  precipitate,  the  white 
lead  contained  sulphate  of  lead. 

Sulphate  of  barium  may  be  ignited  with  the  filter  without  fear 
of  converting  it  into  sulphuret  of  barium.  But  as  the  sulphate 
of  lead  would  be  reduced  by  the  charcoal  of  the  filter,  it  is  better, 
after  drying  it,  to  scrape  it  off  the  filter  as  completely  as  possible, 
to  burn  the  filter  by  itself,  and  adding  the  ashes  to  the  sulphate  of 
lead  scraped  from  the  filter,  to  ignite  the  whole  in  a porcelain 
•crucible  before  weighing  it. 

Several  varieties  of  white  lead,  known  under  the  names  of 
Hamburg  white,  Dutch  white,  See.,  are  mixtures  of  carbonate  of 
lead  and  of  sulphate  of  barium,  generally  in  the  proportions 
of  two  or  three  of  sulphate  of  barium  with  one  of  carbonate  of 
lead.  Sometimes,  also,  a pigment  is  sold  as  white  lead  which  is 
scarcely  anything  else  than  sulphate  of  lead,  which  is  made  in 
the  manufactories  of  floorcloth  by  decomposing  acetate  of  lead  by 
•alum. 

When  white  lead  is  adulterated  with  lime  or  with  chalk , these 
impurities  may  be  detected  by  dissolving  a portion  of  the  sample 
under  examination  in  very  dilute  nitric  acid,  and  passing  a stream 
of  sulphuretted  hydrogen  through  the  solution  until  it  smells 
strongly  of  that  gas ; a black  precipitate  is  thereby  produced,  which 
is  sulphide  of  lead,  which  should  be  separated  by  filtering.  The 
filtrate  should  then  be  boiled  until  all  odour  of  sulphuretted 
hydrogen  has  disappeared  •,  and  after  filtering  again,  if  necessary, 
the  lime  contained  in  solution  in  the  liltrate  may  be  precipitated 
by  means  of  oxalate  of  ammonium  in  the  state  of  oxalate  of  cal- 
cium, or  in  that  of  sulphate  of  calcium  by  means  of  sulphuric  acid 
and  alcohol.  In  the  first  case  the  filtrate  should  be  neutralized 
by  ammonia,  and  on  adding  oxalato  of  ammonium  a precipitate  of 
■oxalate  of  calcium  is  immediately  produced.  When  the  quantity 
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of  the  lime  has  to  he  determined,  the  liquor  containing  the  pre- 
cipitate should  he  left  at  rest  for  a long  time,  because  oxalate  of 
calcium  deposits  very  slowly  ; it  is,  moreover,  advisable  to  boil 
the  liquor,  and  again  to  allow  it  to  settle  well  before  filtering,, 
else  it  will  pass  turbid  through  the  filter.  The  precipitated  oxa- 
late of  calcium  being  collected  on  a filter,  should  be  washed,  dried, 
and  ignited  with  the  filter  in  a platinum  crucible,  during  which 
operation  oxide  of  carbon  is  evolved,  which  burns  with  a blue 
flame ; and  the  residuum,  which  consists  of  carbonate  of  calcium, 
may  then  be  weighed.  If  the  heat  has  not  been  too  strong  in 
igniting  it,  the  carbonate  of  calcium  will  have  lost  none  of  its 
carbonic  acid,  and  from  its  weight  that  of  the  lime  present  in  the 
sample  is  calculated.  50  grains  of  carbonate  of  calcium  represent 
28  of  lime. 

The  determination  of  the  lime,  in  the  state  of  sulphate  of  cal- 
cium, yields  more  accurate  results.  In  this  case  sulphuric  acid  is 
first  poured  in  the  filtrate,  and  then  alcohol ; sulphate  of  lime, 
being  insoluble  in  aqueous  alcohol,  is  thus  precipitated  and  col- 
lected on  a filter,  washed  with  dilute  alcohol,  dried,  ignited, 
and  weighed.  68  grains  of  sulphate  of  calcium  represent  28  of 
lime. 

The  quantity  of  carbonate  of  calcium  present  in  the  white 
lead  under  examination  may  also  be  determined  by  pouring  solu- 
tion of  carbonate  of  ammonium  in  the  liquor  from  which  the 
black  sulphuret  of  lead  has  been  separated,  filtering,  and  pre- 
viously boiling  it  until  all  odour  of  sulphuretted  hydrogen  has 
disappeared.  The  addition  of  solution  of  carbonate  of  ammonium 
will  produce  a precipitate  of  carbonate  of  calcium,  which  may 
then  be  collected  on  a filter,  washed,  dried,  gently  ignited,  and 
weighed.  The  solution  of  carbonate  of  ammonium  used  for  this 
purpose  should  first  be  mixed  with  a little  pure  ammonia;  and 
before  proceeding  to  filter  the  carbonate  of  calcium  precipitated, 
the  whole  should  be  left  to  digest  for  a pretty  long  time  in  a 
warm  place,  so  that  it  may  settle  well. 

CARBONATE  OF  MAGNESIUM.  See  MAGNESIA. 

CARBONATE  OF  SODIUM  (Crystals). — The  crystals  of 
carbonate  of  sodium  of  commerce  are  often  adulterated  to  a 
considerable  extent,  by  mixture  with  crystals  of  sulphate  of 
sodium,  which  are  only  half  the  price  of  the  carbonate,  and  which, 
for  detergent  purposes,  are  of  no  value  whatever. 

This  fraud  is  very  easily  detected,  and  the  amount  determined, 
by  dissolving  a known  weight  of  the  crystals  in  water,  super- 
saturating the  solution  with  nitric  acid,  and  then  adding  nitrate  of 
barium  until  a precipitate  ceases  to  be  produced.  The  whole  is 
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tlien  boiled,  the  precipitate  (which  is  sulphate  of  barium)  allowed 
to  settle,  and  collected  on  a filter.  After  washing,  drying,  and 
igniting  it,  it  is  weighed.  1 1 7 of  sulphate  of  barium  represent  162 
of  crystals  of  sulphate  of  sodium. 

Sometimes,  also,  the  carbonate  of  sodium  of  commerce  contains 
chloride  of  sodium  (common  salt),  which  is  detected  by  testing  the 
clear  solution,  acidified  with  nitric  acid  (or  that  filtered  from  the 
sulphate  of  barium  first  produced),  by  solution  of  nitrate  of  silver, 
which  will  produce  a precipitate  of  chloride  of  silver  if  chloride 
of  sodium  is  present.  The  whole  is  then  boiled  a little,  and 
allowed  to  settle  ; the  precipitate  is  separated  by  filtering,  washed, 
carefully  dried,  and  fused  in  a small  porcelain  crucible,  after  which 
it  is  weighed.  144  of  chloride  of  silver  represent  60  of  chloride  of 
sodium  (common  salt). 

It  should  he  borne  in  mind  that  the  crystals  of  soda  of  com- 
merce always  contain  a trace  of  sulphate  of  sodium  and  of  chlo- 
ride of  sodium,  and  also  that  they  contain  62’69  per  cent,  of 
water  of  crystallization. 

Bicarbonate  of  Sodium  is  very  often  adulterated  with 
effloresced  neutral  carbonate  of  sodium , the  presence  of  which  is 
detected  by  testing  the  solution,  moderately  concentrated,  with 
one  of  perchloride  of  mercury  (corrosive  sublimate).  If  an  orange- 
red  precipitate  is  produced  thereby,  it  is  a sign  of  the  presence  of 
a neutral  carbonate ; if,  on  the  contrary,  no  neutral  carbonate  is 
present,  the  solution  of  perchloride  of  mercury  will  only  produce 
a slight  white  precipitate  or  turbidness.  The  presence  of  the 
neutral  carbonate  may  be  detected  also  by  means  of  solution  of 
sulphate  of  magnesium,  which  is  not  precipitated  in  the  cold  by 
one  of  bicarbonate  of  sodium ; whilst  the  neutral  carbonate  imme- 
diately produces  a white  precipitate  of  subcarhonate  of  mag- 
nesium. 

CARBONATE  OF  ZINC.  See  ZlNC  ORES. 

carmine. — Carmine  is  a splendid  red  pigment,  obtained 
from  cochineal  by  a peculiar  process.  The  pigment  being  very 
costly,  it  is  often  adulterated  by  an  admixture  of  starch  of  alu- 
mina, or  of  vermilion ; sometimes,  also,  a portion  of  the  animal 
matter  of  the  cochineal  from  which  it  has  been  obtained  is  acci- 
dentally left  mixed  with  it.  These  accidental  or  intentional  im- 
purities are  readily  detected  hv  heating  the  carmine  with  liquid 
ammonia,  which  dissolves  entirely  the  colouring  matter,  and  leaves 
the  impurities  in  an  insoluble  state.  The  residuum  left  should 
then  be  dried  at  a gentle  heat  (for  which  purpose  a steam-bath 
answers  best),  and  then  weighed. 

The  difference  of  colour  of  the  carmine  of  various  shops,  when 
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the  pigment  is  genuine , depends  on  the  quantity  of  alumina  which 
has  been  employed  to  precipitate  it ; but  it  depends  also  upon  the 
carefulness  of  the  manipulation,  the  purity  of  the  atmosphere,  and 
probably  other  causes.  The  preparation  of  this  costly  article  is 
not  well  known,  and  the  secret  by  which  the  brighest  colour  may 
be  obtained  is  in  the  possession  of  only  a few  persons. 

CARTK  ARAB'S.  See  SAFFLOWER. 

CAST  IRON.  See  Irox. 

CAST  STEEL.  See  Steel. 

castor  (castoreum). — Castor  is  a substance  secreted  by 
the  beaver,  and  found  in  the  inguinal  region  of  the  animal  in  four 
bags,  a large  and  a small  one,  on  each  side. 

Whilst  the  animal  is  alive,  castor  is  soft,  but  when  the  bag 
which  contains  it  has  been  removed,  it  dries  up  and  becomes 
brittle,  but  not  hard,  and  of  a dull  brownish  black  colour.  It  can 
then  be  easily  pulverised. 

Castor  has  a peculiar  strong  and  somewhat  disagreeable  odour, 
and  a bitter  pungent,  aromatic,  and  persisting  flavour.  The  odour 
•of  castor  is  so  much  stronger  as  it  is  fresher,  but  it  loses  much  of 
its  weight  in  drying;  and  therefore  in  buying  castor  that  which, 
being  dry,  has  much  odour  should  be  preferred.  That  which  is 
tasteless  and  inodorous  is  good  for  nothing. 

Two  kinds  of  castor  are  met  with  in  commerce ; namely,  the 
Russian  and  the  Canadian  castor.  The  best  comes  from  Russia,  or 
rather  from  Siberia,  but  that  from  Canada  is  now  almost  the  only 
kind  found  in  shops. 

Formerly  castor  was  an  exceedingly  expensive  article,  and  was 
in  consequence  adulterated  to  a very  great  extent.  Now,  how- 
ever, its  price  is  more  moderate ; but  the  adulterating  practices, 
instead  of  having  diminished,  seem  on  the  contrary  to  have  aug- 
mented in  proportion,  as  if  to  make  up  for  a reduction  in  the  profit. 
Not  onty  is  castor  adulterated,  but  it  is  sometimes  altogether 
counterfeited  by  means  of  dried  blood  mixed  or  kneaded  with  a 
gum,  such  as  gum  ammonia,  with  addition,  or  not,  of  a little  real 
castor,  the  whole  being  put  up  in  artificial  bags.  This  fraud,  how- 
over,  is  easily  detected  by  comparing  the  spurious  with  the  genuine 
castor,  as  follows : — 

The  bags  which  contain  the  genuine  castor  consist  of  two 
smaller  bags  filled  with  fat,  having  the  odour  of  castor,  or  at  any 
rate  they  present  distinct  traces  of  it  at  the  place  where  they 
existed. 

Genuine  castor  consists  of  several  superposed  membranes,  the 
inner  one  of  which  presents,  on  its  external" surface,  a great  number 
of  small  silvery  scales. 
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If  the  contents  of  the  hags  are  examined  the  castor  -will  be  re- 
cognised as  genuine,  not  only  because  a cavity  should  then  exist  in 
the  centre,  but  also  because  the  castor  should  be  enveloped  in 
membranes  to  such  an  extent  that  it  cannot  be  detached  therefrom, 
either  by  water  or  by  alcohol,  except  it  be  previously  dried  and 
broken. 

In  spurious  castor,  on  the  contrary,  it  will  be  found  that  the 
fat  (or  indications  of  its  having  existed)  in  the  two  smaller  bags 
above-mentioned,  is  wanting,  and  that  the  large  bag  is  bigger  and 
rounder  than  that  of  the  genuine  article,  and  has  been  imitated 
with  the  scrotum  of  young  goats,  or  the  gall  vesicle  of  the  sheep ; 
that  the  contents  of  the  bags  consists  of  a substance  either  soft  or 
brittle,  of  a semi-transparent  red  colour,  having  only  a feeble 
odour  of  castoreum  ; that  it  easily  dissolves  in  alcohol,  and  that  it 
turns  black  when  the  solution  of  a persalt  of  iron  is  poured  upon  it, 
because  generally  the  vegetable  substance  employed  to  adulterate 
it  contains  tannin. 

In  spurious  castor  no  trace  of  the  superposed  membranes 
mentioned  before  are  observable. 

CASTOEEUK.  See  Castoe. 

CASTOK-OIL  (Oleum  ricini,  Oil  of  Palma  Cliristi). — 

Castor-oil  is  obtained  from  the  seeds  of  the  JRicinus  communis , or 
Palma  Christi,  either  by  boiling  the  seeds  first  and  then  subjecting 
them  to  pressure,  or  else  by  subjecting  the  seeds  to  the  action  of 
the  press,  without  previous  boiling,  in  which  case  the  oil  thus 
produced  is  said  to  be  cold  pressed,  and  is  much  superior  in  quality, 
being  sweeter  and  less  liable  to  become  rancid. 

Cold-pressed  castor-oil  is  almost  colourless  and  of  a slight, 
fatty,  cloying  odour  and  flavour ; it  is  more  viscid  than  any  other 
oil,  and  is  soluble  in  all  proportions  in  highly  rectified  alcohol. 

Formerly  castor-oil  was  very  often  adulterated  with  fixed  oils ; 
this  fraud,  however,  owing  to  the  cheapness  of  the  article,  must 
now  be  very  rare ; at  any  rate  it  can  be  readily  detected,  for  all 
fixed  oils,  being  insoluble  in  pure  alcohol,  which,  on  the  contrary, 
readily  dissolves  castor-oil,  the  amount  of  the  impurity  may  be  at 
■once  estimated.  This  is  done  by  pouring  a certain  quantity  of  the 
oil  to  be  examined  in  a graduated  tube,  and  adding  six  or  eight 
times  its  volume  of  pure  highly  rectified  alcohol.  The  whole  is 
then  to  be  well  shaken  and  afterwards  left  at  rest.  The  alcohol, 
having  dissolved  the  castor-oil,  leaves  the  fixed  oil  untouched,  and 
its  quantity  may  at  once  be  estimated  by  the  divisions  of  the 
graduated  tube.  It  is  absolutely  necessary  that  the  alcohol 
employed  should  be  highly  rectified;  its  gravity  should  not  bo 
more  than  0-828. 
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When  castor-oil  has  been  obtained  by  previously  boiling  the 
seeds  in  water,  instead  of  being  almost  colourless,  it  has  a brownish 
colour,  which,  however,  is  the  case  with  that  which  has  become 
rancid,  no  matter  how  obtained.  The  rancidity  can  be  removed, 
it  is  said,  by  adding  a little  caustic  magnesia,  and  boiling  for  about 
a quarter  of  an  hour  with  water. 

CATECHU  (Terra  7aponica,  Cutch). — Catechu  is  an  ex- 
tract prepared  in  various  parts  of  India  and  Malabar,  by  inspis- 
sating an  aqueous  decoction  of  the  fruits  and  wood  of  the  Acacai 
catechu  and  TJncaria  Gambir. 

The  catechu  of  Bombay,  or  Bombay  catch,  is  in  square  masses  of 
two  or  three  ounces  weight,  of  a reddish  brown  colour,  brittle,  of 
a uniform  texture,  and  of  a shining  and  uneven  fracture,  sp.  gr. 
i '39.  It  consists  of : — 


Tannin 

Extractive  matter 
Mucilage 
Impurities  . 


52 

34 

7 

7 
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Bengal  catechu,  or  catch,  is  in  round  and  flat  lumps,  weighing 
from  three  to  four  ounces,  of  a rusty  colour  outside,  and  of  a dark 
brown  colour  internally,  more  compact  than  the  other  varieties. 
It  contains  vegetable  detritus  ; its  fracture  is  dull ; and  its  specific 
gravity  is  r28.  It  consists  of : — 


Tannin 

• 49‘5 

Extractive  matter 

• 36-5 

Mucilage 

To 

Impurities 

To 

iocro 

Malabar  cutch  is  also  in  amorphous  masses,  of  a rusty  colour 
outside,  and  internally  of  a dull,  dark  brown  colour,  brittle  and 
gritty,  and  covered  with  leaves.  Its  specific  gravity  is  1-40.  It 
consists  of — 


Tannin 

. 45 ’8 

Extractive  matter  . 

• 399 

M ucilage 

. 8-o 

Impurities  and  sand 

. 6-3 
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Catechu  is  often  adulterated  by  an  admixture  of  various  other 
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astringent  extracts,  or  by  the  incorporation  of  sand,  clay,  ochre,  and 
■other  impurities.  When,  however,  other  extracts  have  been 
mixed  with  it,  the  catechu  has  a dark,  almost  black  colour,  and  a 
shining  appearance,  and  it  sometimes  feels  glutinous  or  clammy. 
Moreover,  the  flavour,  instead  of  being  astringent,  and  then  sweet 
and  agreeable,  is  astringent  and  bitter.  As  catechu  is  entirely 
soluble,  both  in  alcohol  and  in  water,  the  impurities,  the  sand,  &c., 
may  thus  be  readily  separated. 

There  is  another  species  of  catechu  which  is  manufactured  in 
India,  and  which  comes  into  this  country,  in  the  shape  of  cubic 
masses,  about  one  inch  in  size,  externally  of  the  colour  of  catechu, 
though  somewhat  of  a lighter  hue,  but  internally  of  a drab  or 
greenish  yellow  colour,  with  a dull,  granular  fracture.  It  con- 
tains a very  large  proportion  of  starch,  which  may  be  separated  by 
treating  it  successively  with  water  and  with  alcohol.  This 
species  of  catechu  cannot  evidently  be  mistaken  for  the  genuine 
article,  from  which  it  differs  in  shape,  in  colour,  size,  and  taste; 
but  samples  are  occasionally  met  with  which  have  undergone  a 
certain  roasting  and  steaming  process,  which  have  most  materially 
altered  that  appearance,  and  rendered  it  singularly  like  genuine 
cutch ; the  substance,  after  the  above  treatment,  is  almost 
entirely  soluble  in  water,  the  starch  having  been  converted  into 
.gum  by  the  heat  to  which  it  has  been  submitted.  In  order 
to  detect  this  fraud,  the  proportion  of  tannin  contained  in  the 
suspected  sample  should  be  determined  as  follows  : — 

The  catechu  under  examination  must  be  first  reduced  to 
powder,  put  into  a covered  vessel,  treated  therein  by  boiling 
water ; and  the  solution  thus  obtained,  being  filtered  through  a 
piece  of  linen,  sulphuric  acid  should  be  poured  in  the  filtrate, 
until  it  ceases  to  produce  a precipitate.  The  precipitate  thus 
formed  must  now  be  washed  with  acidified  water,  and  then 
dissolved  in  boiling  water.  On  cooling,  a yellowish  brown  ex- 
tractive matter  falls  down,  which  is  to  be  separated  by  filtering. 
The  liquor  filtered  therefrom  has  a reddish  colour,  and  pulverized 
carbonate  of  lead  is  added  thereto,  until  all  the  sulphuric  acid  is 
thrown  down  as  sulphate  of  lead ; the  carbonate  of  lead  must 
be  added  so  long  as  a precipitate  or  turbidness  is  produced,  stirring 
the  whole  well.  The  liquor  is  then  filtered,  and  the  filtrate  being 
evaporated  in  vacuo,  the  pure  tannin  is  left  in  the  form  of  a yellow 
transparent  mass,  readily  soluble  in  water  and  in  alcohol,  which 
may  then  be  weighed. 

A more  easy  method  of  ascertaining  the  amount  of  tannin 
contained  in  the  catechu  under  examination,  consists  in  treating  its 
solution  in  water  by  a solution  of  gelatine ; this  produces  a pro- 
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cipitate,  which,  being  washed  and  dried  at  a steam  heat  until  it 
ceases  to  lose  weight,  indicates  the  quantity  of  tannin,  ioo  grains 
of  that  dry  precipitate  contains  40  grains  of  tannin. 

C^.'YEHIJE  PBPPSE  (capsicum).  — Genuine  Cayenne 
pepper  is  made  by  pulverizing  the  pods  of  the  capsicum  or  Guinea 
pepper.  Cayenne  pepper  contains  a white,  shining,  nacreous,  very 
acrid  substance,  to  which  the  name  of  capsicine  has  been  given  ; it 
is  an  alkaloid,  pretty  soluble  in  water ; it  contains,  besides,  a red 
colouring  matter,  a little  animal  matter,  mucilage,  nitrate  of 
potassium,  and  other  salts.  The  active  principles  of  Cayenne 
pepper  are  soluble  in  water,  in  alcohol,  and  in  ether. 

Cayenne  pepper  is  often  adulterated  with  common  salt,  finely 
ptilverised  brick-dust,  and,  it  is  said,  even  with  red  lead. 

These  frauds  may  be  readily  detected  by  treating  a portion  of 
the  sample  with  pure  water,  filtering,  and  testing  the  filtrate  with 
solution  of  nitrate  of  silver.  If  a white  curdy  precipitate,  or  only 
a white  turbidness  appears,  completely  and  immediately  soluble 
in  ammonia,  and  reprecipitated  by  an  excess  of  nitric  acid,  it  is 
chloride  of  silver,  and  it  indicates  that  chloride  of  sodium  (common 
salt)  is  present.  The  precipitated  chloride  of  silver  is  washed, 
dried,  fused,  and  weighed.  144  of  chloride  of  silver  represent  60 
grains  of  common  salt. 

The  quantity  of  common  salt  may  also  be  ascertained  by  means 
of  a test  solution  of  nitrate  of  silver,  as  described  in  the  assay  of 
silver,  to  which  article  the  reader  is  referred. 

The  portion  of  the  Cayenne  pepper  which  remained  in  a 
soluble  state  after  treatment  with  water  should  now  be  treated  by 
acetic  or  by  nitric  acid,  and  the  whole  thrown  on  a filter.  A 
current  of  sulphuretted  hydrogen  must  now  be  passed  through  the 
filtrate ; and  if  this  produces  a black  precipitate,  it  is  sulphide  of 
lead,  and  of  course  red  lead  was  present.  Or  instead  of  a current 
of  sulphuretted  hydrogen,  an  excess  of  dilute  sulphuric  acid, 
mixed  with  alcohol,  may  be  poured  in  the  above  filtrate,  which 
will  produce  a white  precipitate  of  sulphate  of  lead,  which,  being 
collected  on  a filter  and  heated  until  the  excess  of  sulphuric 
acid  is  expelled,  may  then  be  weighed.  144  of  sulphate  of  lead 
represent  104  of  lead. 

The  presence  of  brick-dust,  ochre,  &c.,  may  bo  ascertained  by 
incinerating  the  portion  which  could  not  be  dissolved  by  the 
acid;  the  above  inorganic  impurities  will,  of  course,  be  left  be- 
hind. 

Cayenne  pepper  should  be  burnt  under  the  hood  of  a chimney, 
or  in  the  open  air,  for  the  fumes  of  the  oily  and  acrid  resin 
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•which  it  contains  are  exceedingly  irritating,  and  induce  violent 
coughing. 

CEMENTS  (Hydraulic).  See  LlHE. 

cheese. — Although  all  cheese  consists  essentially  of  the  curd 
of  milk  mixed  with  a certain  portion  of  the  fatty  matter,  and 
sugar,  yet  as  milk  itself  is  subject  to  so  many  natural  differences 
in  quality,  and  as  the  general  mode  of  dairy  management  differs 
so  greatly,  the  varieties  of  cheese  are  almost  without  number, 
nearly  every  dairy  district  producing  a quality  of  its  own. 

The  quality  of  the  cheese  will  depend,  again,  on  the  animal 
producing  the  milk.  On  this  subject  Professor  Johnstone  makes 
the  following  observations  : — 

The  ewe  milk  cheeses  of  Tuscany,  Maples,  and  Languedoc,  and 
those  of  the  goat’s  milk  made  on  Mount  Dor  and  elsewhere,  are 
celebrated  for  qualities  which  are  not  possessed  by  cheeses  prepared 
from  cow’s  milk  in  a similar  way.  Buffalo  milk  also  gives  a 
cheese  of  peculiar  qualities,  which  is  manufactured  in  some  parts 
of  the  Neapolitan  territory.  The  strong-tasted  cheeses  of  Lecca, 
and  the  celebrated  Roquefort  cheese,  are  prepared  from  mixtures 
of  goat  with  ewe  milk,  and  the  cheese  of  Mont  Cenis  from  both 
of  these  mixed  with  the  milk  of  the  cow.  Still  further  differ- 
ences are  produced  according  to  the  proportion  of  cream  which  is 
left  in,  or  added  to,  the  milk.  Thus,  if  cream  only  be  employed, 
we  have  the  rich  cream  cheese , which  must  be  eaten  in  a com- 
paratively recent  state ; or,  if  the  cream  of  the  previous  night’s 
milking  be  added  to  the  new  milk  of  the  morning  we  may  have 
such  cheeses  as  the  Stilton  of  England,  or  the  small,  soft  and  rich 
Brie  cheeses,  so  much  esteemed  in  France.  If  the  entire  milk 
only  be  used,  we  have  such  cheeses  as  the  Cheshire,  the  Double 
Gloucester,  the  Cheddar,  the  Wiltshire,  and  the  Dunlop  cheeses  of 
Britain.  If  the  cream  of  the  evening’s  milk  be  removed,  and  the 
skimmed  milk  added  to  the  new  milk  of  the  next  morning,  such 
cheeses  as  the  Single  Gloucester  are  obtained.  If  the  cream  be  taken 
once  from  all  the  milk,  the  better  kinds  of  skim-milk  cheese,  such 
as  the  Dutch  cheeses  of  Leyden,  are  prepared  j while  if  the  milk 
be  twice  skimmed  we  have  the  poorer  cheeses  of  Friesland  and 
Groningen.  If  skimmed  for  three  or  four  days  in  succession,  we 
get  the  hard  and  horny  cheeses  of  Essex  and  Sussex,  which  often 
require  the  axe  to  break  them  up. 

Again,  new  varieties  of  cheese  ore  formed  by  mixing  vegetable 
substances  with  the  curd.  A green  decoction  of  two  parts  of  sage- 
leaves,  one  of  marigold , and  a little  parsley,  gives  its  colour  to  the 
green  cheese  of  Wiltshire.  The  celebrated  Schabzieger  cheese  of 
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Switzerland  is  made  by  crushing  the  skim  milk  cheese  after  it  is 
several  months  old  to  a fine  powder  in  a mill,  mixing  it  then  with 
one-tenth  of  its  weight  of  fine  salt,  and  one-twentieth  of  the 
powdered  leaves  of  the  mellilot  trefoil  ( T refolium  meliotus  cerulea ), 
and  afterwards  with  oil  or  butter,  working  the  whole  into  a paste, 
which  is  pressed  and  carefully  dried. 

Another  variety  of  cheese  is  made  by  mixing  one  pound  of 
sour  milk  with  five  pounds  of  boiled  potatoes  and  a little  salt, 
beating  the  whole  into  a pulp,  which,  after  standing  five  or  six 
days,  is  worked  up  again  and  dried.  In  Savoy  an  excellent 
potato-cheese  is  made  by  mixing  one  part  of  the  pulp  of  potatos 
with  those  of  ewe  milk  curd ; and  in  Westphalia  a potato-cheese 
is  made  with  skimmed  milk.  This  Westphalia  cheese,  while  in  a 
pasty  state,  is  allowed  to  undergo  a certain  extent  of  fermentation 
before  it  is  finally  worked  up  with  butter  and  salt,  made  into 
shapes,  and  dried.  The  extent  to  which  this  fermentation  is  per- 
mitted to  go  determines  the  flavour  of  the  cheese. 

In  England  cheese  is  often  coloured  with  Spanish  annatto,  and 
accidents  have  been  investigated  in  which  red  lead  was  found  in 
the  cheese  examined,  the  eating  of  which  had  been  productive  of 
more  or  less  severe  illness ; the  poison  was  traced  to  an  adultera- 
tion of  the  annatto  employed  to  colour  the  cheese.  Red  lead  is 
detected  in  cheese  in  the  same  manner  as  has  been  described  in  the 
article  on  Blanc  Mange , p.  60. 

Cheese,  however,  is,  under  certain  circumstances,  very  un- 
wholesome, even  when  it  has  not  been  adulterated,  for  it  sponta- 
neously undergoes  changes  which  render  it  unfit  as  an  article  of 
food ; indeed,  most  cheese  has  undergone  a slight  alteration  of 
the  kind  now  alluded  to ; and  it  is  probably  owing  to  this  that 
cheese  disagrees  with  so  many  persons ; not  because  it  is  espe- 
cially indigestible,  but  because  the  peculiar  matter  the  cheese  con- 
tains in  its  altered  state  has  much  more  action  on  some  persons 
than  on  others. 

According  to  Dr.  Bruce,  cheese  can  become  poisonous  under 
various  circumstances,  and  this  poisonous  action  is  not  the  same 
with  all  persons.  Westrumb  places  the  poisonous  principle  of 
cheese  under  the  narcotic-acid  class.  Sertuerner,  on  analyising 
this  article  of  food,  showed  that  it  could  undergo  a chemical  de- 
composition giving  rise  to  an  essentially  poisonous  principle  ; and 
Julia,  de  Eontenelle  and  Witling  thought  that  cheese  in  its 
alteration  became  impregnated  with  hydrocyanic  (prussic)  acid, 
and  that  it  was  owing  to  this  substance  that  certain  cheeses 
owed  their  poisonous  effects.  This  has,  however,  been  shown  by 
Taylor  not  to  be  correct. 
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The  following  analyses  of  cheese  were  performed  in  the 
laboratory  of  Professor  Johnstohe  * : — 


Kind  of  Cheese 

Centesimally  represented 

Kemarks 

Water 

Casein 

Fat 

Ash 

Skim  milk  . 

43-80 

45-06 

5'98 

S-i8 

Made  in  Lanarkshire, 
on  a pom-,  cold,  wet, 
upland  moor  farm 

Double  Gloucester 

3S-82 

37 '96 

21-97 

4'25 

North  Wilts. 

36'54 

31'12 

28-09 

4 '45 

From  a rich  loam  with 
gravel  subsoil 

Dunlop 

38-46 

25-87 

3r’86 

3-81 

Cheddar 

36-24 

28-98 

30-40 

4 '38 

From  a rich  deep  soil 
in  the  marsh  near 
Cheddar 

The  inorganic  constituents  are  only  due  in  part  to  the  milk. 
The  earthy  phospates  attach  themselves  to  the  curd  in  the  making, 
while  the  soluble  parts  remain  principally  in  the  whey.  The 
cheese  being  cured  with  chloride  of  sodium,  the  quantity  added 
varying  with  circumstances,  the  additional  constituents  of  the  ash 
are  lime,  a little  magnesia , soda,  potassa,  traces  of  iron , chlorine, 
phosphoric,  and  sulphuric  acids. 

Presh  cheese  is  very  sparingly  dissolved  by  water ; but  after 
having  been  left  to  itself  for  two  or  three  years,  it  becomes, 
especially  if  all  the  fat  be  previously  removed,  almost  completely 
soluble,  forming  a solution  which,  like  milk,  is  coagulated  by  the 
addition  of  acids. 

The  casein,  which  is  insoluble  when  fresh,  returns  during  the 
ripening  to  a state  similar  to  that  in  which  it  existed  in  the  milk. 
In  the  English,  Dutch,  and  Swiss  cheeses,  and  in  the  superior 
French  kinds,  the  casein  is  present  in  its  unaltered  condition.  The 
odour  and  flavour  are  owing  to  the  decomposition  of  the  butter, 
the  non-volatile  acids,  margaric  and  oleic  • and  butyric,  valerianic, 
caproic,  caprylic  acids,  which  are  volatile,  are  liberated,  in  con- 
sequence of  the  decomposition  of  glycerin,  and  the  variations  in 
its  pungency  depend  upon  the  proportion  of  the  latter  acids 
present.  In  the  Limbourg  cheese,  the  valerianic  acid  occurs  in 
the  largest  quantity.  Balakd  first  discovered  it  in  the  cheese  of 
Iloquefort. 

The  bad  smell  of  inferior  kinds  of  cheese  is  caused  by  certain 
fetid  products  containing  sulphur,  and  which  are  formed  by  the 
putrefaction  or  decomposition  of  the  casein.  The  alterations  which 

* See  Muspratt’s  Chemical  Dictionary,  which  contains  an  excellent 
article  on  the  preparation  of  various  kinds  of  cheese. 
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the  butter  undergoes  in  becoming  rancid,  or  which  occurs  in  the 
milk-sugar  still  present  being  transmitted  to  the  casein,  effects 
a change  in  its  composition  and  deteriorates  its  nutritive  qualities. 

CHICORY.  See  COFFEE. 

CHILI  SALTPETRE,  See  NlTRE  CUBIC. 

CHLORATE  OP  POTASSIUM  (Chlorate  of  Potash). — 
The  chlorate  of  potassium  met  with  in  commerce  is  generally 
pure.  Sometimes,  however,  it  is  contaminated  by  chloride  of 
potassium.  When  pure,  it  has  a cooling,  austere  flavour  ; it  is  in 
the  form  of  flat  crystals  of  a nacreous  appearance. 

The  solution  of  pure  chlorate  of  potassium  is  not  rendered 
turbid  by  nitrate  of  silver,  hut  if  it  contains  any  chloride  of  potas- 
sium, that  reagent  immediately  produces  a precipitate  of  chloride 
of  silver,  soluble  in  ammonia. 

For  the  purpose  of  determining  the  quantity  of  chloride  of 
potassium  contained  in  the  chlorate  under  examination,  the  test 
solution  of  nitrate  of  silver  mentioned  in  the  article  on  the  assay 
of  silver  may  he  very  conveniently  employed.  A given  weight — 
100  grains,  for  example — of  the  chlorate  should  he  dissolved  in  an 
adequate  quantity  of  water,  and  the  test-solution  of  nitrate  of 
silver  is  poured  from  an  alkalimeter  into  the  solution  of  the 
chlorate,  shaking  or  stirring  it  well  after  each  addition  of  nitrate 
of  silver  ; the  operator  stops  when  the  last  drop  of  the  solution  of 
nitrate  of  silver  fails  in  producing  a precipitate.  The  number  of 
divisions  employed  indicates  the  quantity  of  chlorine,  and  con- 
sequently of  chloride  of  potassium.  35-5  of  chlorine  represent  74-5 
of  chloride  of  potassium. 

When  chlorate  of  potassium  is  contaminated  by  chloride  of 
potassium,  the  best  way  of  purifying  it  consists  simply  in  dis- 
solving it  in  boiling  water.  On  cooling,  the  chlorate  of  potassium 
crystallizes,  whilst  the  chloride  of  potassium,  being  much  more 
soluble,  remains  dissolved  in  the  mother  water. 

CHLORIDE  OP  AMMONIUM.  See  SAL  AmmOJnTAC. 

chloride  OF  BARIUM. — Chloride  of  barium  is  seldom 
impure,  yet  it  is  sometimes  contaminated  by  chloride  of  strontium , 
or  by  nitrate  of  strontium,  or  by  perchloride  of  iron,  in  which  case 
it  has  a yellow  tinge;  it  is  also  occasionally  contaminated  by 
chloride  of  calcium. 

Pure  chloride  of  barium  crystallizes  in  four-sided,  flat,  trans- 
parent prisms,  which  decrepitate  when  heated,  and  are  not  altered 
by  exposure ; they  have  a very  bitter,  pungent,  and  nauseous 
flavour;  their  specific  gravity  is  2.85. 

The  presence  of  strontium  is  detected  by  digesting  a portion  of 
the  salt  in  alcohol  and  inflaming  it,  in  which  case  the  alcohol  will 
then  burn  with  a characteristic  red  flame. 
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The  presence  of  percliloride  of  iron  is  indicated  by  the  blue 
precipitate  produced  by  testing  the  solution  of  the  salt  -with 
ferrocyanide  of  potassium. 

The  presence  of  chloride  of  calcium  is  recognised  first,  because 
the  salt  is  thereby  rendered  deliquescent;  and  by  treating  it  with 
pure  or  absolute  alcohol,  the  chloride  of  calcium  is  dissolved,  but 
the  chloride  of  barium  is  untouched.  The  whole  is  then  thrown 
■on  a filter  in  order  to  separate  the  chloride  of  barium,  the  filtrate 
which  contains  the  chloride  of  calcium  is  evaporated  to  dryness  at 
a gentle  heat ; nitric  acid  is  then  added,  and  the  liquor  may  now 
be  tested  for  lime  either  by  a mixture  of  sulphuric  acid  and  alcohol, 
which  will  produce  a precipitate  of  sulphate  of  calcium  insoluble 
in  aqueous  alcohol ; or,  after  having  neutralized  the  liquor  by 
ammonia,  the  addition  of  oxalic  acid  produces  a precipitate  of 
oxalate  of  calcium. 

The  solution  of  pure  chloride  of  barium  in  distilled  water 
should  be  perfectly  clear  and  limpid;  it  should  not  be  acted  upon 
or  rendered  turbid  by  ammonia,  by  hvdrosulphate  of  ammonia,  nor 
by  sulphuretted  hydrogen. 

The  addition  of  sulphuric  acid  should  precipitate  every  fixed 
particle  from  it ; so  that,  after  separating  the  sulphate  of  barium 
thus  produced  by  filtering,  the  filtrate,  being  evaporated  in  a 
platinum  crucible,  should  not  leave  the  slightest  residuum. 

CHIiORIDE  or  X>IME  (Hypochlorite  of  Lime,  Bleach- 
ing; Powder).  See  CHLORIMETRT. 

CHLORIDE  or  sodium:  (Common  Salt,  Muriate  of 
Soda). — Common  salt  not  being  subject  in  this  country  to  any 
fiscal  tax,  is  exceedingly  cheap,  and  accordingly  is  not  adulterated, 
at  least  to  any  extent,  the  price  of  the  article  itself  being  as  low, 
-or  nearly  so,  as  that  of  the  substances  which  might  be  employed 
for  this  culpable  purpose. 

Common  salt,  however,  is  often  mixed  with  water  in  order  to 
augment  its  weight ; sometimes  also  it  contains  sulphate  or  nitrate 
of  calcium  or  of  magnesium , or  the  chlorides  of  these  metals. 

In  the  countries  where  a tax  is  put  on  this  commodity,  the 
adulterating  substances  employed,  besides  those  above-named,  are 
sulphate  of  sodium , alum , earthy  matter , &c.  These  impurities  may 
be  detected  as  follows : — 

When  salt  has  been  moistened  with  water  in  order  to  augment 
its  weight,  its  appearance  sufficiently  indicates  the  adulteration ; 
but  in  order  to  determine  the  quantity  of  the  water  it  is  necessary  to 

weigh  a certain  quantity  of  the  salt— for  example,  1,000  grains 

previously  reduced  into  fine  powder,  and  expose  it  in  a porcelain 
dish  or  capsule  to  the  heat  of  a steam-bath  until  the  weight  re- 
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mains  constant.  The  loss  indicates  the  quantity  of  water,  and  if 
that  quantity  exceeds  from  6 to  8 per  cent.,  it  is  due  either  to  a 
direct  admixture  of  water,  or  to  the  presence  of  deliquescent  salts. 

Sulphate  of  calcium  is  easily  detected  in  common  salt  by  its  in- 
solubility in  water,  especially  if  alcohol  be  added.  The  insoluble 
sulphate  of  calcium  may  then  be  collected  on  a filter,  washed  with 
dilute  alcohol,  dried  and  weighed. 

If  soluble  sulphates  are  present,  a solution  of  chloride  of  barium 
will  at  once  produce  a precipitate  of  sulphate  of  barium.  For  ex- 
ample : — In  order  to  detect  the  presence  and  determine  the  amount 
of  sulphate  of  sodium  in  common  salt,  dissolve  i,ooo  grains  of  the 
salt  under  examination  in  distilled  water,  filter  the  liquor,  wash’ 
the  filter,  and  add  to  the  filtrate  a solution  of  chloride  of  barium,, 
until  a precipitate  is  no  longer  produced.  The  whole  is  then  left 
at  rest,  in  order  to  allow  the  precipitated  sulphate  of  barium  pro- 
duced to  settle.  This  being  done,  the  clear  supernatant  liquor  is 
decanted,  and  the  precipitate  is  collected  on  a filter,  washed  thereon 
with  boiling  water,  dried,  ignited  in  a platinum  crucible,  and 
weighed.  117  of  sulphate  of  barium  represent  40  of  sulphuric 
acid,  and  consequently  72  of  anhydrous  sulphate  of  sodium,  or' 
the  equivalent  of  any  other  sulphate. 

But  as  common  salt  often  contains  naturally  a small  quantity 
of  sulphate  of  sodium,  which  however  does  not  exceed  one  per' 
cent,,  in  the  average,  it  is  only  when  the  quantity  exceeds  that- 
amount  that  fraud  may  be  suspected. 

If  any  soluble  earthy  salts  are  present,  a solution  of  carbonate’ 
of  sodium  poured  in  the  solution  of  the  salt  under  examination 
will  produce  a precipitate,  the  amount  of  which  may  be  determined 
by  weighing,  after  previously  washing  and  drying  it. 

If  the  salt  under  examination  contain  any  carbonate,  its  pre- 
sence may  be  immediately  detected  by  the  effervescence  which  is 
produced  upon  pouring  an  acid  (dilute  hydrochloric  acid,  for  ex- 
ample) upon  a portion  of  the  salt.  The  proportion  of  the  car- 
bonate present  may  be  determined  in  the  manner  described  in  the 
article  on  Alkalimetry.  (See  Alkalimetry.) 

Sixty  grains  of  pure  salt  should  be  exactly  precipitated  by  170 
grains  of  nitrate  of  silver,  and  the  precipitate  so  produced,  being- 
washed,  dried,  and  carefully  fused,  should  weigh  144  grains. 

Chloride  of  sodium  (common  salt)  may  also  be  analyzed  by 
means  of  the  alkalimeter,  with  a test-liquor  of  nitrate  of  silver,  as 
described  in  the  article  on  the  assay  of  the  silver  in  the  wet  way. 
(See  Silver .) 

CHIOEIMETEY. — Chlorimotry  is  the  name  given  to  the 
processes  employed  for  ascertaining  the  strength  or  commercial 
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value  of  substances  containing  chlorine,  or  from  which  chlorine  may- 
be produced.  Chloride  of  lime,  chloride  of  potash,  and  chloride 
of  soda,  are  the  most  important  of  these  substances ; chloride  of 
lime  is  a mixture  of  hypochlorite  of  calcium,  chloride  of  calcium, 
and  hydrate  of  lime.  It  undergoes  very  great  deterioration  by  ex- 
posure to  the  air,  and  may  thus  become  perfectly  valueless,  for  it 
gradually  loses  chlorine  and  becomes  converted  into  carbonate  of 
calcium. 

This  deterioration  is  common  to  all  other  decolorizing  chlo- 
rides, which  are  likewise  decomposed  by  all  acids,  even  by  car- 
bonic acid. 

The  value  of  chloride  of  lime  depends  altogether  upon  the 
quantity  of  chlorine  which  it  contains  and  which  maybe  liberated. 
For  technical  purposes  this  estimation  is  exceedingly  important, 
and  should  never  be  neglected  by  the  bleacher. 

(i)  Modification  of  the  Method  of  Gay-Lussac. — This  is  founded 
on  the  conversion  of  calomel  (subchloride  of  mercury)  into  corro- 
sive sublimate  (chloride  of  mercury)  by  the  chlorine  set  free  from 
the  bleaching-powder.  A fluid  is  prepared,  holding  in  suspension 
a known  quantity  of  subchloride  of  mercury  ; into  this  a measured 
quantity  of  the  solution  of  chloride  of  lime  to  be  tested  is  poured, 
until  the  liquid  becomes  perfectly  clear.  The  quantity  of  chlorine 
consumed,  and  consequently  the  value  of  the  bleaching-powder, 
calculated  from  the  number  of  divisions  of  the  burette  which  have 
been  required  to  render  the  turbid  mixture  clear. 

Preparation  of  the  Standard  Mercurial  Test  Liquor. — It  is  based 
on  the  following  considerations: — 

Every  236-5  grains  of  subchloride  of  mercury  require  35-5 
grains  of  chlorine  to  convert  them  into  chloride  ; every  58-5  grains 
of  common  salt  (which  is  the  chloride  most  convenient  for  the 
purpose)  contain  35-5  grains  of  chlorine,  or  164-7  grains  contain 
100  grains  of  chlorine. 

Let  50  measures  of  a solution  of  a subsalt  of  mercury — the 
subnitrate,  for  example — be  introduced  into  the  graduated  burette, 
and  then  poured  off  into  a beaker,  and  diluted  with  4 or  5 ounces 
of  water ; then  let  82-4  grains  of  common  salt  be  dissolved  in 
water  and  introduced  into  the  burette,  so  as  to  exactly  fill  100 
measures.  Let  this  solution  be  poured  gradually  into  the  solution 
of  the  subnitrate  (which  during  the  time  should  be  kept  warm  by 
immersion  in  a basin  of  hot  water),  until  the  last  drop  added  no 
longer  produces  a precipitate.  Let  us  suppose  that  20  measures 
have  been  required ; now,  as  100  measures  of  the  saline  solution 
contain  82-4  grains  of  chloride  of  sodium  = 50  grains  of  chlorine 
the  20  measures  must  contain  16-48  grains  = 10  of  chlorine.  We 
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consequently  arrive  at  tlie  conclusion  that  50  measures  of  the 
subnitrate  of  mercury  require  10  grains  of  chlorine  to  convert  the 
salt  into  subchloride;  and  if  the  50  measures  are  increased  to  100 
by  dilution  with  water,  a solution  is  obtained  every  10  divisions  of 
which  are  equivalent  to  1 grain  of  chlorine,  and  every  single  divi- 
sion of  which  represents  ^th  of  a grain.  Any  quantity  of  the  test 
liquor  may  thus  be  easily  prepared. 

Method  of  testing  the  JBleaching-powder. — 100  grains  of  the 
specimen,  selected  from  different  parts  of  the  sample,  and  well 
mixed  together,  are  rubbed  in  a mortar  with  a little  water;  more 
water  is  gradually  added,  the  mixture  stirred,  and  the  heavier 
particles  allowed  to  subside  ; the  milky  fluid  is  then  poured  off, 
and  the  precipitate  again  agitated  with  water,  allowed  to  stand, 
and  the  supernatant  fluid  poured  off,  mixed  with  the  first,  and 
transferred  to  a tube  graduated  into  200  equal  parts,  each  part 
corresponding  with  a division  of  the  burette  ; the  mortar  is  rinsed 
out  with  a little  more  water,  the  washings  transferred  to  the  gra- 
duated tube,  the  whole  well  agitated,  and  the  mark  at  which  the 
solution  stands  in  the  tube  is  accurately  noted.  Suppose  the  whole 
to  occupy  150  measures.  The  burette  is  now  filled  to  100  with 
the  mixture.  Next,  100  measures  of  the  standard  subnitrate  of 
mercury  are  poured  into  a beaker  and  diluted  with  water,  excess 
of  common  salt  is  added  to  the  solution,  which  is  then  acidified 
with  pure  hydrochloric  acid.  The  well-agitated  solution  of  chloride 
of  lime  is  then  dropped  gradually  into  the  newly-formed  calomel 
in  the  beaker,  until  it  is  perfectly  clear,  by  which  it  is  known  that 
the  whole  of  the  calomel  has  been  converted  into  corrosive  sub- 
limate. It  must  be  constantly  stirred  while  the  bleaching  solution 
is  being  added,  and  it  is  essential  that  it  should  remain  acid  during 
the  whole  time.  Now,  from  what  has  been  explained  above,  it  is 
evident  that  the  number  of  divisions  of  the  bleaching  solution 
that  have  been  consumed  in  rendering  the  turbid  mercurial  salt 
clear  must  correspond  with  10  grains  of  chlorine.  Suppose  65 
measures  were  required,  then  the  value  of  the  specimen  is  found 
very  simply  by  the  following  proportion : — 

As  65  ; 10  ::  150  : x, 

x = 23-07  = the  quantity  of  chlorine  in  100  grains  of  the  bleaching- 
powder. 

It  is  evident  that  any  other  proportions  than  those  here  given 
may  be  employed,  both  in  making  the  standard  mercurial  solution, 
and  in  performing  the  analytical  process.  The  above  must  be  re- 
garded as  merely  an  illustration  of  the  principles  of  the  operation. 
This  method  is  found  to  yield  very  accurate  results.  There  is  per- 
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haps  one  disadvantage  attending  it,  which  is,  that  the  solution  of 
subnitrate  of  mercury  is  somewhat  liable  to  change,  and  to  give 
rise  to  the  formation  of  an  insoluble  basic  salt,  which  would  of 
course  interfere  with  its  accuracy. 

(2)  Modification  of  Gay-Lussac' s Method  by  Arsenious  Acid. — 
When  arsenious  acid,  water,  and  chlorine  are  brought  into  contact 
with  each  other,  a reaction  takes  place,  the  result  being  the  forma- 
tion of  hydrochloric  and  arsenic  acids. 

Every  equivalent  (or  99  parts)  of  arsenious  acid  require  two 
equivalents  (or  71  parts)  of  chlorine;  consequently  100  parts  of 
chlorine  are  required  to  convert  I39'45  parts  of  arsenious  acid  into 
arsenic  acid.  A standard  solution  of  arsenious  acid  is  prepared  by 
dissolving  139-45  grains  of  the  pure  acid  in  a solution  of  potassa, 
diluting  the  solution,  and  then  adding  hydrochloric  acid  in  consi- 
derable excess;  the  volume  of  the  solution  is  then  brought  to 
10,000  grain-measures,  and  the  whole  well  mixed;  every  100 
grain-measures  of  the  solution  thus  prepared  contain  1 "395  grains 
of  arsenious  acid=i  grain  of  chlorine.  When  the  chlorimetric 
assay  is  about  to  be  made,  50  grains  of  the  bleaching-powder  are 
prepared  in  the  manner  already  described,  and  the  burette  is  filled 
to  the  1 ooth  division  with  the  solution;  1000  grain-measures  of 
the  arsenious  acid  are  then  placed  in  a beaker,  diluted  with  water, 
and  coloured  blue  by  the  addition  of  a few  drops  of  solution  of 
indigo.  The  bleaching  liquid  is  then  gradually  and  carefully 
dropped  into  the  arsenical  solution,  which  is  all  the  time  well 
stirred  until  the  blue  tinge  is  entirely  destroyed.  This  shows  that 
the  conversion  of  the  arsenious  acid  into  arsenic  acid  is  complete, 
and  consequently  that  10  grains  of  chlorine  have  been  consumed, 
and,  as  before,  the  value  of  the  bleaching-powder  is  ascertained 
by  the  rule  of  simple  proportion : thus,  supposing  90  measures 
have  been  consumed,  then — 

As  90  : 10  ::  100  : x, 

x-  1 1 -i  1 = the  quantity  of  chlorine  in  50  grains  of  the  bleaching- 
powder,  or  22*22  per  cent. ; or  still  more  simply,  as  each  measure 
of  the  burette  corresponds  with  half  a grain  of  bleaching-powder, 
and  as  the  number  of  measures  consumed  contain  10  grains  of 
chlorine,  we  find  at  once  the  percentage  amount  of  chlorine,  by 
dividing  2000  by  the  number  of  measures  required;  thus  : — 

2000 

= 2222. 

90 

(3)  Otto's  Method  by  Protosulphate  of  Iron. — When  protosul- 
phate of  iron,  water,  chlorine,  and  free  sulphuric  acid  are  brought 
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into  contact,  a reaction  takes  place,  resulting  in  the  formation  of 
hydrochloric  acid  and  persulphate  of  iron. 

Every  two  equivalents,  or  152  parts  of  anhydrous,  or  278  parts 
of  crystallized  protosulphate  of  iron,  require  one  equivalent,  or  35*5 
parts  of  chlorine ; 100  grains  of  chlorine  are  therefore  required  to 
convert  783'  1 grains  of  crystallized  protosulphate  of  iron  into  per- 
sulphate. To  prepare  the  iron  salt  for  these  experiments,  Fre- 
senttjs  directs  that  iron  nails  free  from  rust  he  dissolved  in  dilute 
sulphuric  acid,  finally  with  the  application  of  heat ; the  solution 
is  filtered  while  still  warm,  into  about  twice  its  volume  of  spirits 
of  wine ; the  precipitate  which  is  produced  consists  of  protosul- 
phate of  iron  with  seven  equivalents  of  water.  It  is  collected  on 
a filter,  edulcorated  with  spirits  of  wine,  spread  upon  a.  sheet  of 
blotting-paper,  and  allowed  to  dry  in  the  air  until  it  has  completely 
lost  the  smell  of  spirits  of  wine : the  dry  salt  must  be  kept  in  a 
well-closed  bottle.  To  perform  the  chlorimetric  assay,  783  grains 
of  the  protosulphate  are  dissolved  in  about  two  ounces  of  water, 
and  the  solution  strongly  acidulated  with  sulphuric  acid  ; 50  grains 
of  the  bleaching-powder  are  then  prepared  as  before  directed,  and 
the  burette  filled  with  the  solution,  which,  after  being  well 
agitated,  is  added  drop  bjr  drop  to  the  solution  of  the  iron  salt 
until  complete  peroxidation  has  taken  place ; this  is  known  by 
solution  of  ferricyanide  of  potassium  no  longer  striking  a blue  preci- 
pitate. The  best  way  of  testing  the  solution  from  time  to  time  is 
to  cover  a large  white  plate  with  drops  of  the  ferricyanide  solution, 
and*  as  the  operation  draws  towards  an  end,  to  convey  a minute 
drop  from  the  solution,  at  the  end  of  a small  stirring-rod,  to  one 
of  the  drops ; the  process  is  complete  when  prussian  blue  ceases 
to  be  formed,  a green  colour  being  produced  in  its  stead.  The 
number  of  divisions  of  the  burette  which  have  been  consumed  is 
now  noted  ; this  corresponds  with  10  grains  of  chlorine,  that  being 
the  quantity  required  for  the  peroxidation  of  783  grains  of  crystal- 
lized protosulphate  of  iron.  The  calculation  is  precisely  the  same 
as  in  the  last  method. 

(4)  Jhj  Fcrrocyanide  of  Potassium. — AVhen  ferrocyanide  of 
potassium  is  brought  into  contact  with  free  chlorine,  a reaction 
takes  place,  resulting  in  the  production  of  ferricyanide  of  potassium 
and  chloride  of  potassium.  Every  two  equivalents,  or  36S  parts 
of  anhydrous,  or  422  parts  of  crystallized  ferrocyanide  of  potassium, 
require  one  equivalent,  or  35*5  parts  of  chlorine;  100  grains  of 
chlorine,  therefore,  are  required  to  convert  11887  grains  of 
crystallized  ferrocyanide  of  potassium  into  ferricyanide,  or  nS'S7 
grains  correspond  to  10  grains  of  chlorine.  The  experiment  is 
conducted  in  precisely  the  same  manner  as  before,  and.  as  soon 
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as  the  whole  of  the  ferrocyanide  is  converted  into  ferricyanide, 
the  mixture  ceases  to  give  prussian  blue  with  a solution  of  peroxide 
of  iron. 

Dr.  C.  It.  A.  Wright  has  found  the  ble aching-powder  of  com- 
merce to  contain  several  per  cents,  of  chlorate  of  calcium,  even 
when  newly  made  ; in  other  samples  the  chlorate  has  been  occa- 
sionally found  to  represent  as  much  as  io  per  cent,  of  available 
chlorine,  or  fully  one-fourth  of  the  amount  originally  present,  thus 
indicating  over  heating,  either  in  the  process  of  manufacture  or 
subsequently.  In  such  bleaching-powders  the  only  safe  and  con- 
venient method  is  by  the  use  of  an  alkaline  solution  of  arsenious 
acid. 

The  following  modification  of  Otto’s  method  is  based  on  the 
fact  that  under  the  conditions  described  the  chlorine  of  the  bleach- 
ing-powder  first  changes  the  protochloride  of  iron  into  perchloride, 
which  in  its  turn  is  again  reduced  to  protochloride  by  metallic 
copper,  whereby  some  of  the  latter  becomes  dissolved.  Every  2 
equivalents  of  copper  dissolved  in  this  way  is  equivalent  to  I 
equivalent  of  chlorine  in  the  bleaching-powder.  Two  grammes 
of  the  bleaching-powder  are  well  mixed  with  water,  and  the  fluid 
so  obtained  mixed  with  a solution  of  protochloride  of  iron,  freshly 
made  by  dissolving  o*6  grm.  of  pure  iron  wire  in  pure  hydro- 
chloric acid ; excess  of  acid  is  then  added,  and  the  fluid  boiled  in  a 
flask,  after  addition  of  a piece  of  rather  thick,  perfectly  clean 
and  polished  sheet  copper  of  a weight  of  about  4 grammes.  The 
boiling  is  continued  until  the  colour  of  the  fluid,  at  first  darkish, 
has  become  bright  green ; the  copper  is  then  removed  from  the 
flask,  washed  with  distilled  water,  dried,  and  weighed.  A loss  in 
the  weight  of  copper  of  63'4parts(  = 2 copper)  is  equal  to  35-5 
parts  of  chlorine  in  the  bleaching-powder. 

CHLOROFORM. — Among  the  substances  occasionally  found 
adulterating  chloroform,  are  alcohol,  aldehyde,  free  hydrochloric 
and  hydrochlorous  acids,  and  some  of  the  compounds  of  methyl. 
The  following  is  the  mode  of  detecting  these  impurities  adopted 
by  Dr.  Letheby  : — 

‘ Alcohol  is  often  recognised  at  once  by  the  milkiness  of  the 
liquid.  If  it  exists  to  the  extent  of  from  30  to  50  per  cent.,  the 
specific  gravity  of  the  sample  falls  much  below  1 '496 ; and  when 
a drop  of  it  is  let  fall  into  a little  water,  instead  of  sinking  as  a 
clear  pellucid  bead,  it  falls  through  the  water  as  an  opaque  pearly 
drop.  On  shaking  it  in  the  water  the  mixture  becomes  milky,  and 
it  requires  a long  time  for  the  chloroform  to  subside  perfectl}r. 
After  it  has  done  so,  it  may  be  observed  that  the  original  bulk  of 
the  chloroform  has  diminished;  in  fact,  the  alcohol  has  been 
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dissolved  out  of  it,  and  it  lias  shrunk  accordingly.  In  this  "way 
we  can  often  determine  tlie  amount  of  the  alcohol  present.  Take, 
for  example,  about  30  drops  of  the  suspected  chloroform,  put  it 
into  a narrow  test-tube,  mark  the  level  at  which  the  liquid  stands, 
then  add  about  2 drachms  of  distilled  water,  and  shake  them  well 
together.  On  allowing  them  to  rest  for  an  hour  or  so,  the  chloro- 
form will  collect  at  the  bottom  of  the  liquid,  and  we  can  then 
discover,  from  the  diminution  in  its  hulk,  the  amount  of  alcohol 
dissolved.’ 

Dr.  Letheby  thinks  that  much  of  the  chloroform  now  used  in 
America  is  contaminated  with  alcohol  for,  according  to  the 
report  of  Professor  Meigs,  it  has  the  low  sp.  gr.  of  1 -450  j and  he 
puts  it  whether  this  may  not  he  one  of  the  reasons  for  the  unsatis- 
factory accounts  which  have  come  from  that  country. 

Aldehyde  is  another  substance  which  may  be  occasionally  met 
with  in  chloroform.  It  is  recognised  by  its  reducing  action  on  the 
hydrated  oxide  of  silver,  and  by  its  rendering  a little  liquor  potassse 
of  a brown  colour  when  it  is  heated  with  it.  It  is  questionable  if 
it  occasions  any  injurious  influence  when  it  is  inhaled  with  the 
chloroform,  but  it  is  likely  to  be  converted  into  acetic  acid,  and 
this  is  somewhat  of  an  irritant. 

In  a sample  of  chloroform,  which  was  furnished  to  the  London 
Hospital,  Dr.  Letheby  found  as  much  as  53  per  cent,  of  free 
hydrochloric  acid,  a quantity  which,  in  its  gaseous  state,  amounts 
to  500  per  cent,  of  the  hulk  of  the  liquid  chloroform.  This  sample, 
on  attempting  to  use  it,  gave  rise  to  the  most  distressing  symp- 
toms, occasioning  cough,  difficulty  of  breathing,  a highly  congested 
countenance,  followed  by  rapid  prostration  of  the  vital  powers, 
with  almost  complete  collapse.  If  it  had  fallen  into  the  hands  of 
an  inexperienced  operator  it  would,  without  doubt,  have  produced 
fatal  effects.  Chloroform  containing  this  acid  has  often  an  irritat- 
ing odour.  It  reddens  litmus-paper,  and  gives  rise  to  a white 
precipitate  when  it  is  shaken  with  a solution  of  nitrate  of  silver. 

Hypochlorous  acid  may  be  detected  by  its  odour,  by  reddening 
and  then  partially  bleaching  a piece  of  litmus-paper,  and  by  its 
giving  a white  precipitate  with  the  solution  of  nitrate  of  silver. 

Hydrochloric  ether  may  sometimes  be  recognised  in  chloroform. 
It  is  discovered  by  shaking  the  chloroform  with  water,  then  decant- 
ing the  latter  and  distilling  it  from  a water-bath.  The  odour  of 
the  hydrochloric  ether  is  very  evident  in  the  portions  which  first 
come  over. 

Compounds  of  Methyl. — It  is  to  he  regretted  that  these 
dangerous  compounds  are  not  to  be  detected  very  easily.  One  of 
the  best  signs  of  their  presence  is  the  effect  which  they  produce 
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upon  the  animal  system.  They  occasion  a peculiar  throbbing 
headache,  and  a rapid  prostration  of  the  vital  powers.  These 
effects  may  often  be  observed  when  the  chloroform  is  only  smelled 
for  a little  while  ; and  there  can  be  little  doubt  that  they  are 
very  frequently  the  cause  of  the  discomfort  which  so  often  follows 
upon  the  use  of  certain  samples  of  chloroform. 

Pure  chloroform  should,  according  to  Sohberaen,  sink  in  a. 
mixture  of  equal  parts  of  sulphuric  acid  and  water.  The  presence 
of  alcohol  may  be  detected  by  warming  the  chloroform  with 
chromic  acid,  or  with'  acid  chromate  of  potassium  and  sulphuric 
acid ; the  production  of  a green  colour  indicates  alcohol ; more- 
over the  presence  of  alcohol  causes  opalescence  when  the  chloro- 
form is  mixed  with  water.  Chloroform  is  sometimes  prepared 
from  wood-spirit,  but  it  is  much  less  pure  than  that  prepared  from 
alcohol;  it  is  specifically  lighter,  has  a repulsive  empyreumatic. 
odour,  and  produces  unpleasant  sensations  when  inhaled.  It  is 
contaminated  with  about  6 per  cent  of  an  empyreumatic  oil,  con- 
taining chlorine,  burning  with  a smoky  flame  lighter  than  water, 
and  boiling  between  85°  and  1330  C. 

According  to  Gregory  (‘  Proc.  Roy.  Soc.  Edin.’,  1850,  p,  391) 
impure  chloroform  may  be  recognised  by  the  disagreeable  odour 
which  it  leaves  after  evaporation  on  a cloth  which  has  been 
moistened  with  it,  and  by  the  yellow  or  brown  colour  which  it 
imparts  to  pure  oil  of  vitriol  when  agitated  therewith.  Pure  chlo- 
roform placed  upon  oil  of  vitriol  produces  a contact  surface  convex 
downwards,  impure  chloroform  gives  a plane  contact  surface. 
According  to  Roessex  (‘  J.  Pharm.’  (3)  xxxiv.  206)  the  purity  of 
chloroform  may  be  tested  by  means  of  clinitrosulphide  of  iron,  a 
salt  obtained  by  the  action  of  ferric  sulphate  or  chloride  on  a. 
mixture  of  sulphide  of  ammonium  and  nitrate  of  potassium. 
Pure  chloroform  taken  up  with  this  salt  remains  colourless ; but 
if  it  contain  alcohol,  ether,  or  wood-spirit,  it  acquires  a dark 
colour.  To  purify  chloroform  Gregory  recommends  to  agitate  it,, 
and  leave  it  in  contact  with  oil  of  vitroil,  but  the  latter  is  no 
longer  coloured ; the  chloroform  is  then  to  be  removed  and  placed 
in  contact  with  a small  quantity  of  peroxide  of  manganese  to  free 
it  from  sulphurous  acid.  According  to  Abraham  (‘Pharm  J. 
Trans.,’  x.  24),  chloroform  thus  purified  quickly  decomposes 
and  is  afterwards  found  to  contain  hydrochloric  acid  and  free 
chlorine.  According  to  Christisoh  (ibid.  x.  285),  chloroform 
keeps  well  after  being  treated  once  with  oil  of  vitroil,  but  the 
continued  action  of  that  liquid  (especially  if  contaminated  with 
nitrous  acid)  exerts  a decomposing  action  upon  it. 

chocolate  and  cocoa.. — Chocolate  is  a preparation 
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of  the  cocoa-nut,  obtained  by  grinding  the  nuts,  previously  roasted 
and  shelled,  in  an  apparatus,  which  consists  either  of  a flat  stone 
with  a steel  cylinder,  or  of  conical  stone  rollers  revolving  on  a 
circular  table  of  the  same  material,  or  of  a mill  of  peculiar  con- 
struction. The  mill,  or  the  stones,  are  heated  to  about  21 2°  Fahr., 
and  the  roasted  and  shelled  cocoa-nuts  are  submitted  with  sugar 
to  the  grinding  operation,  by  which  they  are  reduced  into  a syrupy 
mass,  which  is  received  into  moulds  of  various  shapes,  in  which 
it  hardens  in  cooling. 

Besides  cocoa-nuts  and  sugar,  the  manufacturer  generally  adds 
some  arrow-root,  many  persons  preferring  the  chocolate  so  pre- 
pared, because  the  oil  or  butter  of  cocoa  is  thereby  rendered  emul- 
sive and  more  digestible.  The  preparation  known  as  cocoa-powder, 
or  chocolate-powder,  when  genuine,  consists  only  of  cocoa-nibs, 
sugar,  and  arrow-root,  mixed  and  ground  together,  and  then 
pulverized,  by  passing  the  mass  through  a grating-mill,  and  cool- 
ing it. 

Chocolate,  as  well  as  cocoa-powder  or  flakes,  prepared  as 
above  said,  is  one  of  the  most  grateful,  nourishing,  and  easily 
digestible  articles  of  food  ; it  belongs  to  the  class  of  perfect  alirnen- 
.tary  substances.  Unfortunately,  however,  many  of  the  prepara- 
tions of  the  cocoa-nut,  sold  under  the  name  of  chocolate,  of  cocoa- 
flakes,  and  of  chocolate-powder,  consist  of  a mixture  of  bad  or 
musty  cocoa-nuts,  with  their  shells,  coarse  sugar  of  the  very 
lowest  quality,  ground  with  potato-starch,  old  sea-biscuits,  coarse 
branny  flour,  animal  fat  (generally  tallow,  or  even  greaves). 
■Cocoa-powder  has  been  met  with  made  of  potato-starch,  moistened 
with  a decoction  of  cocoa-nut  shells,  and  sweetened  with  treacle ; 
chocolate  made  with  the  same  materials,  with  additions  of  tallow 
and  of  ochre. 

Genuine  chocolate  is  of  a dark  brown  colour ; that  which  has 
been  adulterated  is  generally  redder,  though  this  brighter  hue  is 
sometimes  given  to  excellent  chocolate,  especially  in  Spain,  by 
means  of  a little  annotto.  This  addition  is  unobjectionable,  pro- 
vided the  annotto  is  pure,  which,  however,  is  not  always  the  case. 
See  Annotto. 

Genuine  chocolate  should  dissolve  in  the  mouth  without  gritti- 
ness ; it  should  leave  a peculiar  sensation  of  freshness,  and  after 
boiling  it  with  water  the  emulsion  should  not  form  a jelly  when 
cold ; if  it  does,  starch  or  flour  is  present.  The  admixture  of 
flour,  or  of  starch,  moreover,  may  be  readily  detected  by  the  blue 
colour  which  is  imparted  to  the  decoction,  after  cooling,  by  solution 
of  iodine. 

Brick-dust  and  other  earthy  matters  are  detected  by  incinerating 
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a given  weight  of  tlie  chocolate  or  cocoa  under  examination  • the- 
impurities  remain  among  the  ashes,  and  may  be  easily  recognized. 
This  adulteration  is  also  readily  detected  by  grating  500  grains  of' 
the  chocolate  in  as  fine  a powder  as  possible,  throwing  it  into- 
about  half  a pint  of  cold  water,  stirring  the  whole  briskly  for' 
about  ten  minutes,  leaving  it  at  rest  for  about  two  minutes,  and' 
decanting  the  supernatant  liquor.  The  earthy  matter  will  then 
have  subsided,  and  will  be  left  as  sediment. 

The  presence  of  animal  fats  may  be  detected  by  the  palate,- 
for  the  chocolate  generally  has,  in  that  case,  a cheesy  flavour ; or, 
when  common  butter  or  oil  has  been  added,  it  has  a rancid 
flavour.  This  is  quite  characteristic,  for  butter  of  cocoa  always; 
remains  perfectly  sweet. 

The  presence  of  animal  fats,  or  of  oils , may  also  be  recognized 
by  saponifying  a portion  of  the  chocolate  as  follows : — Rasp- 
about  2,000  grams  of  the  chocolate  under  examination,  and  boil 
them  with  water  and  some  caustic  potash.  When  the  fat  has- 
saponified,  dilute  the  mass  with  a sufficient  quantity  of  water,  and 
filter  three  or  four  times.  The  milky  filtrate,  which  is  in  fact  a 
solution  of  soap,  should  now  be  supersaturated  with  nitric  acid ; 
this  will  separate  the  fat,  which  will  float  on  the  liquor  after 
cooling.  It  may  then  be  collected  on  a filter,  and  on  rubbing  a 
small  portion  of  it  between  the  fingers,  the  odour  will  generally 
indicate  its  origin ; but  more  effectually  still,  by  heating  it  in  a 
small  capsule.  Pure  butter  of  cocoa  has  no  odour. 

Or  the  chocolate  may  be  exhausted  by  sulphuric  ether,  and  by 
evaporating  it  the  fat  will  be  left  behind,  and  may  then  be  identi- 
fied as  above  described. 

If  the  chocolate  has  been  mixed  up  with  the  ground  shells  of 
the  cocoa-nut,  the  use  of  the  microscope  is  the  best  way  of  detect- 
ing it.  Or,  after  having  treated  a given  portion  of  the  chocolate 
by  ether,  the  residuum  may  be  exhausted  by  hot  water,  which 
will  extract  all  the  soluble  portions  and  leave  again  a residuum, 
in  which  the  sharp  spiculue  of  the  ground  husks,  if  any  be  pre- 
sent, may  be  readily  seen  with  the  help  of  a magnifying-glass. 

The  presence  of  cocoa-nuts  shells  in  chocolate  appears  to  be 
injurious  to  health.  Dr.  UitE  relates,  in  his  ‘Dictionary  of  Arts, 
Manufacturers,  and  Mines,’  that  samples  of  chocolate  made  at  the 
Victualling  Yard,  Deptford,  for  the  use  of  the  Royal  Navy,  and 
manufactured  by  the  Government  Chocolate  Mills,  were  sent  to 
him  for  examination,  by  order  of  the  Lords  of  the  Admiralty, 
under  the  following  circumstances  : — 

For  some  time  tho  chocolate,  it  would  appear,  had  been  distri- 
buted to  sailors  and  convicts  for  their  breakfast,  at  the  rate  of  one 
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ounce  daily,  wlien  several  of  the  men  complained  of  its  producing 
sickness,  vomiting,  purging,  and  other  illness,  and  a few  cases 
terminated  fatally.  A careful  examination  of  the  chocolate  failed 
in  detecting  any  impurity  or  deleterious  substance,  except  that 
some  gritty  matter,  incapable  of  mixing  with  water,  and  which, 
on  closer  examination,  was  found  to  consist  of  minute  spiculEe  of 
the  cocoa-bean  husks,  which,  when  swallowed,  became  lodged  in 
the  villous  coat  of  the  stomach  and  bowels,  where  they  created 
irritation  and  all  the  symptoms  certified  by  several  naval  sur- 
geons. It  was  obvious,  observes  Dr.  Ure,  that  from  the  insoluble 
condition  of  the  chocolate,  it  could  be  of  little  use  as  an  article  of 
food,  or  as  a demulcent  substitute  for  milk ; and  that,  in  fact, 
three-fourths  of  it  were,  on  this  account,  an  ineffective  article  of 


diet,  or  were  wasted. 

In  France,  the  chocolate-paste  has  usually  a little  vanilla 
incorporated  with  it,  and  a considerable  quantity  of  sugar,  which 
varies  from  one-third  of  its  weight  to  equal  parts,  and  one  pod  ot 
vanilla  is  said  to  be  sufficient  to  flavour  one  pound  and  a halt  o 
chocolate.  Pure  genuine  chocolate  improves  in  its  flavour  by 
keeping,  which  is  the  reverse  with  bad  or  adulterated  chocolate  ; 
but  the  roasted  beans  soon  lose  their  aroma  if  left  exposed  to 


the  air. 

CHROMATE  of  LEAD  (Chrome  Yellow,  Cologne 

Yellow).— Chromate  of  lead  is  a fine  yellow  pigment,  which, 
as  found  in  commerce,  is  often  adulterated  with  sulphate  of  lead, 
sidphate  of  barium,  sulphate  of  calcium,  sometimes  to  an  enormous 
extent.  Carbonate  of  lead  and  of  calcium  have  also  been  used  for 
that  purpose  ; but  as  on  treating  the  chromate  of  lead,  adulterated 
with  the  latter  substances  by  an  acid,  an  effervescence  is  imme- 
diately produced,  betraying  the  presence  of  a carbonate,  this  frauc 
may  be  at  once  detected.  This,  however,  is  not  the  case  with 
either  sulphate  of  barium,  or  of  lead,  or  of  calcium,  and  these 
substances  accordingly  are  almost  exclusively  employed  for  that 
purpose,  especially  sulphate  of  calcium,  which  is  said  to  render  the 
vellow  colour  of  the  chromate  more  vivid  and  more  mellow  at  the 
same  time.  The  pigment  sold  under  the  name  of  Cologne  yellow 
consists  of  25  parts  of  chromate  of  lead,  15  of  sulphate  of  lead, 

and  60  of  sulphate  of  calcium.  A A , . ,,  , , 

The  presence  of  sulphate  of  calcium  may  be  detected  in  the  fol- 
lowing manner: — A portion  of  the  suspected  chi  ornate  is  ir. 
reduced  to  fine  powder,  and  thoroughly  mixed  with  one- fourth  ot 
its  weight  of  finely  pulverized  charcoal,  and  the  whole  is  to  be 
calcined  in  a covered  crucible.  Under  this  treatment  t e > su  p a 0 
of  calcium,  if  any  be  present,  will  be  converted  into  sulphide  ot 
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calcium,  and-  on  treating  the  residuum  with  dilute  muriatic  acid 
a disengagement  of  sulphuretted  hydrogen  will  take  place,  easily 
recognizable  by  its  odour  (that  of  rotten  eggs).  The  whole 
should  then  be  thrown  upon  a filter,  and  to  the  filtrate,  which  has 
!ire®,C?Ur’  ammonia  is  added,  which  will  precipitate  all 
except  the  lime.  . The  whole  is  again  thrown  upon  a filter,  and  if 

oxalate  of  ammonium  he  now  poured  into  the  filtrate,  an  abundant 

piecipitate  of  oxalate  of  calcium  will  be  produced. 

1ow^rhe  T5na?ysl*  of  cirom!‘te  of  lead  may  be  performed  as  fol- 
lows -Having  first  reduced  the  chromate  of  lead  into  very  fine 
powcler,  hydrochloric  acid  is  poured  upon  it,  and  the  whole  is 

the  cb’  “ “ »?“?  addel1  at  tlle  same  time.  in  order  to  convert 

the  chromate  of  lead  into  chloride  of  chromium  which  remains  in 

“ “tl0I7  antI  mt:’  cUorido  of  lead;  which  remains  in  an  insoluble 
state  along  with  any  sulphate  of  lead,  of  calcium,  or  of  barium 
whrch  may  be  present.  These  insoluble  substances  are  collected 

Thp  fi/te  tWaShvdlWllh  dl.Uto  SpU'lt3  °f  ™e’  drie<l>  “"‘I  weighed 
The  filtrate  which  contains  all  the  chloride  of  chromium  is 

len  boiled,  and  ammonia  is  poured  into  the  hot  liquor  and 

heated  with  the  ammonia  until  the  whole  of  the  chromium  is 

precipitated  in  the  state  of  hydrate  of  oxide  of  chromZ  “he 

supernatant  liquor  is  then  colourless.  This  hydrate  is  collected  on 

a filter,  washed  dried,  and  carefully  ignited  in  a well-dosed 

ct^TmCra°kblSchd  th“  « 40  grains  0f 

ch”ofle5r  “ 8CI<i’  “ni  -64  grains  of 

Supposing,  therefore,  the  chromate  of  'lead  submitted 
£&  t0  have  been  *4  grains 

Oxide  of  lead  . . . . u2 

Chromic  acid  . . r~ 

• • 52 

164 

be—116  reSUltS  °btaiUed  by  the  analysis  of  that  quantity  should 

40  grains  of  sesquioxide  of  chromium  precipi- 
tated by  ammonia,  corresponding  to  chromic 
acid  ....  r 

140  grains  of  chloride  of  lead,  insoluble  in  dilute  ' gramS* 
alcohol,  consisting  of 



Chlorine  .....  36 


140 
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And  corresponding  to  oxide  of  lead  . . . 112 

Chromate  of  lead  . .164 

Consequently,  if  the  quantity  of  chromate  of  lead  submitted 
to  examination  was,  for  example,  25  grains,  the  operator  should 
obtain  on  the  one  hand 

Sesquioxide  of  chromium  . . 6-09  grains. 

Chloride  of  lead  ....  io-oo  „ 

Or,  in  other  words,  each  grain  of  chromate  of  lead  operated  upon 
should  yield  0.24  grain  of  oxide  of  chromium,  and  0.4  grain  of 
chloride  of  lead. 

Before  treating  the  chromate  of  lead  by  hydrochloric  acid,  it 
should  he  reduced  into  extremely  fine  powder  by  levigation ; if  this 
precaution  he  neglected,  some  portions  may  escape  decomposition. 

Chromate  of  lead  has  sometimes  been  adulterated  with  starch, 
but  this  fraud  may  be  readily  estimated  by  the  loss  which  it 
sustains  when  strongly  calcined  in  a crucible,  an  odour  of  burning 
vegetable  matter  being  perceptible  during  the  ignition. 

CHROMATE  OF  POTASSIUM. — Neutral  chromate  of 
potassium  is  an  important  salt  used  for  the  preparation  of  all  the 
other  chromates,  and  especially  that  of  lead.  Pure  chromate  of 
potassium  crystallizes  in  regular  rhomboedrons ; but  as  it  is  an 
easily  efflorescent  salt,  it  often  forms  a saline  mass  of  a lemon- 
yellow  colour.  It  has  a bitter,  disagreeable  taste,  and  is  very 
soluble  in  water. 

A salt  is  sometimes  met  with  in  commerce  under  the  name  of 
chromate  of  potassium,  but  which  is  composed  of  567  of  sulphate 
of  potassium,  and  4 3-3  of  chromate  of  potassium.  This  spurious 
article  when  in  crystals  may  be  at  once  recognised,  because  its 
crystals  are  in  four  or  six-sided  prisms,  terminated  by  four  or  six- 
sided  pyramids,  whilst  the  pure  chromate  of  potassium  is  in 
regular  rhomboedrons,  without  pyramids. 

But  when  in  efflorescent  masses,  this  adulteration  cannot  be 
thus  detected,  and  therefore  it  must  be  analyzed,  which  may  be 
done  as  follows  : — 

A given  weight — 50  grains,  for  example — of  the  salt  are  to  be 
dissolved  in  water,  and  a solution  of  nitrate  of  barium  is  poured 
into  the  solution  of  the  chromate  until  it  no  longer  produces 
a precipitate.  The  precipitate  so  produced  is  yellowish  white, 
and  consists  of  chromate  and  of  sulphate  of  barium.  By  treating 
this  precipitate  with  nitric  acid,  the  chromate  of  barium  is 
redissolved,  but  not  so  the  sulphate  of  barium,  which  being 
insoluble  both  in  acids  and  in  water,  may  be  collected  on  a 
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filter,  washed,  dried  and  weighed.  117  grains  of  sulphate  of 
barium  represent  40  grains  of  sulphuric  acid,  and  consequently 
88  grains  of  sulphate  of  potassium. 

If,  on  the  other  hand,  the  operator  should  wish  to  determine 
the  quantity  of  the  chromate  of  potassium,  he  may  do  so  by 
adding  an  excess  of  sulphuric  acid  to  the  liquor  filtered  from 
the  sulphate  of  barium,  in  order  to  precipitate  the  excess  of 
baryta  which  exists  in  the  solution,  and,  after  filtering  the  liquor, 
the  oxide  of  chromium  may  then  be  precipitated  by  means  of 
ammonia,  Collected  on  a filter,  washed,  dried,  carefully  ignited  in 
a well-closed  platinum  crucible,  and  weighed.  40  grains  of  oxide 
of  chromium  represent  52  grains  of  chromic  acid,  and  conse- 
quently 100  grains  of  neutral  chromate  of  potassium. 

Or  the  operator  may  at  once  proceed  to  estimate  the  quantity 
of  chromate  of  potassium  in  the  suspected  sample  by  dissolving  a 
given  weight  of  it  in  a small  quantity  of  water,  adding  a pretty 
large  proportion  of  muriatic  acid  with  alcohol,  applying,  heat  until 
the  whole  of  the  alcohol  has  evaporated  ; after  whibh  the  oxide  of 
chromium  may  then  he  precipitated  by  ammonia,  filtered,  washed, 
carefully  ignited,  and  weighed. 

CHROME  IRON  ORE  (Ohromated  Iron).— Chrome  iron 
ore  is  a combination  of  oxide  of  chromium  with  peroxide  of 
iron  and  alumina,  in  which  the  proportion  of  oxide  of  chromium 
varies  from  39  to  53  per  cent.,  that  is,  in  the  well  prepared  ore  ; 
and  this  large  proportion  of  oxide  of  chromium  renders  it  a highly 
valuable  ore. 

Analysis  of  Chrome  Ores. — Eight  ot  ten  grains  of  the  ore 
reduced  to  an  impalpable  powder  are  put  into  a platinum  crucible, 
and  covered  with  ten  or  twelve  times  the  weight  of  bisulphate  of 
potassium  ; the  crucible  is  carefully  heated  for  about  fifteen 
minutes  to  about  the  temperature  of  the  fusing-point  of  the 
bisulphate,  then  raised  to  Igw  redness,  at  which  temperature 
it  is  kept  for  another  quarter  of  an  hour ; the  mass  enters  into 
quiet  fusion,  and  vapours  of  sulphuric  acid  are  evolved  freely. 
The  temperature  is  gradually  raised  until  the  whole  is  in  perfect 
fusion.  To  the  fused  mass  about  50  grains  of  pure  carbonate  of 
sodium  are  added,  and  the  mixture  is  again  fused  at  as  low  a 
temperature  as  possible,  pure  nitre  being  added  by  degrees  in 
quantity  equal  to  that  of  the  carbonate  of  sodium.  The  crucible 
is  kept  at  a low  red-heat  for  about  an  hour,  and  then  raised  to  a 
bright  red-heat,  at  which  it  is  kept  for  a quarter  of  an  hour 
longer.  When  cold  the  fused  mass  is  dissolved  in  boiling  water, 
filtered  whilst  boiling  hot,  and  the  residue  on  the  filter  washed 
with  boiling  water.  If  this  residue  should  contain  any  undecom 
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posed  ore,  it  must  be  again  fused  as  before  -with  bisulphate  of 
potassium,  carbonate  of  sodium,  and  nitre.  The  filtrate  contains 
the  whole  of  the  chromium  as  chromate  of  potassium , together 
with  small  quantities  of  slide  acid,  alumina , and  sometimes  titanic 
and  manganic  acids.  Excess  of  nitrate  of  ammonium  is  added, 
and  the  solution  is  evaporated  nearly  to  dryness  on  the  water- 
bath,  until  all  the  liberated  ammonia  has  been  expelled  ; water  is 
added,  and  the  precipitate,  if  any,  is  filtered  off:  the  filtrate 
is  made,  strongly  acid  with  sulphurous  acid,  carefully  heated  to 
boiling,  precipitated  with  slight  excess  of  ammonia  boiled  for  a 
few  minutes  and  filtered.  The  thorough  washing  of  the  chromic 
oxide  is  not  easy.  Genth  (‘Chem.  News,’  No.  137)  finds  it 
succeed  best  in  the  following  way : — After  the  precipitate  has 
settled,  the  clear  liquid  is  passed  through  the  filter  ; then  boiling 
water  is  added  to  the  precipitate,  and  after  settling,  the  super- 
natant liquid  is  filtered ; the  precipitate  is  then  thrown  on  the 
filter,  and  washed  two  or  three  times  with  boiling  water ; it  is 
then  washed  back  again  into  the  dish,  and  boiled  with  water, 
until  the  little  lumps  which  clog  together  are  completely  broken 
up ; it  is  then  filtered,  and  this  operation  is  repeated  until  the 
wash-waters  do  not  show  the  presence  of  any  sulphates  by 
chloride  of  barium.  The  precipitate  is  then  dried  and  burned, 
after  which  it  is  again  boiled  with  water,  to  which  a few  drops  of 
sulphurous  acid  have  been  added,  then  ammonia  added,  and  the 
precipitate  washed,  dried,  ignited,  and  weighed.  By  this  mode 
of  analysis  Dr.  Genth  states  that  the  chromic  oxide  is  obtained 
quite  pure,  and  that  two  analyses  of  the  same  sample  will  not,  if 
the  process  be  carefully  conducted,  vary  more  than  0-25  per  cent. 

Volumetric  Valuation  of  Chrome  Iron  Ore  (Blodget  Britton, 
Crookes’s  ‘ Select  Methods  of  Chemical  Analysis  ’). 

Reduce  the  mineral  to.  the  finest  state  of  division  possible  in 
an  agate  mortar.  Weigh  off  0-5  grm.  and  add  to  it  a flux  pre- 
viously prepared,  composed  of  one  part  chlorate  of  potassium  and 
three  parts  soda  lime  ; thoroughly  mix  the  mass  by  trituration  in 
a porcelain  mortar,  and  then  ignite  in  a covered  platinum  crucible 
at  a bright-red  heat  for  an  hour  and  a half  or  more.  The  mass 
will  not  fuse,  but  when  cold  can  be  turned  out  of  the  crucible  by  a 
few  gentle  taps,  leaving  the  interior  of  the  vessel  clean  and 
bright.  Triturate  in  the  mortar  again,  and  turn  the  powder  into 
a tall  4-oz.  beaker  and  add  about  1 8 c.c.  of  hot  water,  and  boil 
for  two  or  three  minutes  : when  cold,  add  1 5 c.c.  of  hydrochloric 
acid  of  common  strength  and  stir  with  a glass  rod  for  a few  minutes, 
til  the  solid  matter  becomes  dissolved.  Both  the  iron  and  the 
chromium  will  then  be  in  the  states  of  sesquioxide  of  iron  and 
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chromic  acid.  Pour  the  fluid  into  a white  porcelain  dish  of  about 
20-oz.  capacity  and  dilute  the  washings  of  the  beaker  to  about 
3 oz.  Immediately  after  also  pour  cautiously  into  the  dish  one 
gramme  of  metallic  iron  of  known  purity  previously  dissolved  in 
dilute  sulphuric  acid,  and  further  diluted  with  cold  water  to  about 
5 oz.  to  make  up  the- volume  in  the  dish  to  about  8 oz. 

Use  for  this  purpose  fresh  borings  from  a piece  of  bar  iron  con- 
taining less  than  0-05  of  foreign  matter  dissolved  in  18  c.c.  of 
dilute  sulphuric  acid  of  1 part  acid  and  31  parts  water  in  a tube 
1 2 inches  long  and  |ths  of  an  inch  diameter,  closed  at  the  top 
with  an  india-rubber  stopper  perforated  for  a 5-inch  tube  bent 
short  round  at  right  angles,  and  extending  horizontally  about 
3 or  4 inches,  applying  heat  to  expel  atmospheric  air  and  facilitate 
operations. 

When  the  iron  is  dissolved,  and  having  ascertained  that  the 
solution  is  freed  from  sesquioxide,  nearly  fill  the  tube  with  cold 
water,  cautiously  pour  the  contents  into  a dish,  and  add  about  two 
tubes  full  more  of  cold  water  to  make  the  solution  up  to  about 
8 oz.,  and  then  determine  volumetrically  ( see  Iron),  with  a standard 
solution  of  permanganate  of  potassium,  the  amount  of  protoxide 
of  Iron  remaining.  The  difference  between  the  amount  of  iron 
found  and  of  the  iron  weighed  will  be  the  amount  oxidized  to 
sesquioxide  by  the  chromic  acid.  Every  one  part  so  oxidized  will 
represent  0-320  of  metallic  chromium  or  0 4663  of  sesquioxide,  in 
which  condition  the  metal  usually  exists  in  the  ore. 
chromo-yewow.  See  Chromate  of  Lead, 
chrysocai.  See  Brass, 
chrysocoila.  See  Borax, 
cinnabar.  See  Vermilion.' 

citric  acid. — Citric  acid  is  colourless  and  crystallizes  in 
rhomboedral  prisms,  very  soluble  in  water,  and  of  a very  sour 
flavour.  It  is  not  altered  by  exposure  to  the  air ; it  is  now  manu- 
factured in  large  quantities  for  the  use  of  calico-printers.  Its 
specific  gravity  is  1 -034.  The  aqueous  solution  of  citric  acid  is 
speedily  altered  by  exposure. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acicl.  In 
order  to  detect  this  fraud  it  is  customary  to  dissolve  a given  weight 
of  the  acid  in  water,  and  to  add  gradually  thereto  a solution  of 
hydrate  or  of  carbonate  of  potassium,  stirring  the  whole  briskly, 
which  produces  a precipitate  of  bitartrate  of  potassium.  If,  how- 
ever, the  quantity  of  tarturio  acid  present  is  small,  these  reagents 
may  fail  in  indicating  it,  because  bitartrate  of  potassium  is  readily 
soluble  in  a slight  excess  of  hydrate,  or  of  carbonate  of  potassium. 
It  is  therefore  better  to  employ  a saturated  solution  (in  the  cold) 
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of  chloride  of  potassium,  or  of  nitrate  of  potassium,  or  of  neutral 
sulphate  of  potassium,  an  excess  of  which  does  not  interfere  with 
the  precipitate  of  bitartrate  of  potassium,  which  will  he  formed  if 
tartaric  acid  is  present.  It  should  be  remembered  that  bitartrate 
of  potassium  is  not  an  insoluble,  but  only  a sparingly  soluble  salt, 
and  therefore  the  solution  of  citric  acid  should  not  be  dilute,  for 
no  precipitate  would  then  appear. 

If,  however,  the  solution  of  citric  acid  is  already  dilute,  it 
should  be  concentrated  by  evaporation ; or,  instead  of  the  above 
named  salts  of  potassium,  acetate  of  potassium  may  be  used  in 
preference,  for,  being  a deliquescent  salt,  it  need  not  be  dissolved 
previous  to  adding  it  to  the  solution  of  the  citric  acid. 

Citric  acid  sometimes  attracts  moisture  by  exposure,  which  is 
a proof  that  it  still  retains  a small  proportion  of  the  sulphuric  acid 
used  to  prepare  it,  and  the  presence  of  which  may  besides  be  de- 
tected by  dissolving  a portioii  of  it  in  water,  and  testing  with 
solution  of  chloride  of  barium,  which  will  in  that  case  produce  a 
white  precipitate  of  sulphate  of  barium.  In  order  to  free  it  from 
this  acid,  it  should  be  recrystallized  several  times. 

COAXi  GAS. — The  coal  gas  used  for  gas-light  is  a mixture  of 
carbonic  acid,  carbonic  oxide,  hydrogen,  and  nitrogen,  carburetted 
hydrogen,  with  vapours  of  hydrocarbons  and  olefiant  gas ; the 
illuminating  power  of  the  gas  depends  chiefly  upon  the  quantity  of 
the  two  latter  substances  contained  in  a given  bulk  of  gas,  but 
more  especially  upon  the  relative  amount  of  the  last  named  com- 
pound, the  proportion  of  which  however  diminishes  gradually  as 
the  operation  of  producing  the  gas  at  the  works  advances,  until 
towards  the  end  of  the  treatment  of  the  charge  in  the  retorts,  the 
gas  evolved  contains  a considerable  quantity  of  hydrogen  and  of  oxide 
of  carbon,  which  burn  with  a faint  blue  and  dimly  luminous  flame. 

The  same  unfavourable  result  is  obtained  by  increasing  the  heat 
of  the  retorts  containing  the  charge  of  coals,  the  gas  being  thereby 
decomposed  or  decarbonised.  But  whilst  the  illuminating  power 
of  the  gas  evolved  by  such  treatment  is  deteriorated,  its-  volume  or 
quantity  is  unfortunately  increased; 

Since  chlorine  has  the  power  to  form,  by  combining  with  ole- 
fiant gas  and  with  the  vapours  of  hydrocarbon,  a peculiar  oily 
liquid,  the  production  of  which  is  proportionate  to  the  quantity  of 
the  above  substances  which  may  be  present  in  the  gas,  it  is  clear 
that  the  diminution  which  a given  volume  of  gas  will  suffer,  after 
being  mixed  with  chlorine,  will  at  once  give  the  amount  of  olefiant 
gas  and  of  hydrocarbon  vapour  contained  in  that  volume,  and, 
consequently,  indicate  its  illuminating  power.  This  is  easily  done 
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by  filling  a graduated  jar,  Fig.  15,  of  about  an  inch  in  diameter, 
vrith  water,  and  then  turning  it  upside  down  in  a water-trough,  so 
that,  being  filled  with  water,  it  may  stand  in  the  trough  in  the 
following  manner : — 

Transfer  now  the  gas  to  be  exa- 
mined to  the  graduated  jar  until  it  is 
half  full,  and  fill  the  other  half  of 
the  graduated  jar  with  pure  chlo- 
rine gas,  carefully  protecting  the 
mixture  from  solar  light.  Leave  the 
whole  at  rest  for  twenty-four  hours, 
and  then  observe  the  amount  of  con- 
densation which  will  have  taken 
place.  The  diminution  of  the  volume 
of  the  gas  first  introduced  into  the 
jar  will  indicate  very  approxima- 
tively  the  proportion  of  olefiant  gas  in  that  volume. 

For  practical  purposes  the  value  or  illuminating  power  of  coal 
gas  may  be  readily  estimated  by  comparing  the  shadows  projected 
upon  a screen,  such  as  a sheet  of  white  paper,  by  the  interposition 
of  an  opaque  body  between  a wax  candle,  or  any  other  flame,  taken 
as  a standard,  and  the  jet  of  inflamed  gas  to  be  tested,  and  with 
which  it  has  to  be  compared.  The  experiment  is  performed  as 
follows : — 

A sheet  of  unglazed  white  paper  is  to  be  pinned  smoothly  to  a 
wall  before  the  two  lights  whose  relative  illuminating  power  has 
to  be  tested,  and  between  them  and  the  sheet  screen  of  white 
paper,  and  at  a distance  of  about  three  inches  from  the  latter,  an 
iron  rod,  about  the  size  of  the  little  finger,  is  to  be  placed,  taking 
care  to  dispose  the  lights  in  such  a way  that  the  two  shadows  of 
the  rod  upon  the  screen  are  contiguous.  The  rod  should  be  pre- 
viously blackened  by  holding  it  in  the  flame  of  a candle.  If  the 
two  shadows  are  not  of  the  same  depth,  or  degree  of  blackness, 
one  or  the  other  of  the  two  lights  must  be  shifted  towards  the 
screen,  or  removed  at  a greater  distance  from  it,  until  looking  at 
the  two  shadows,  by  standing  exactly  opposite  the  paper  screen, 
they  appear  to  have  the  same  degree  of  intensity.  This  point 
being  hit,  the  relative  intensity  of  the  lights  being  directly  as  the 
square  of  their  distance  from  the  screen,  their  comparative  illu- 
minating power  becomes  known.  Suppose,  for  example,  that  the 
jet  of  inflamed  gas  being  at  a distance  of  three  feet  from  the 
screen,  it  is  found  that  the  wax  candle  requires  to  be  moved  to- 
wards the  screen,  at  a distance  of  two  feet  therefrom,  to  obtain 
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the  same  depth  of  shadow,  the  operator  has  only  to  square  these 
numbers,  and  the  difference  expresses  the  proportion : — 

3x3  = 9;  2x2  = 4. 

The  relative  illuminating  power  of  the  two  flames  would  then  be 
in  that  case  as  4 : 9.  The  flames  to  be  compared  should  be  placed 
at  the  same  height. 

Detection  of  Air  in  Coal  Gas  (Crookeses  ‘ Select  Methods  in 
Chemical  Analysis  ’). — Ten  parts  by  weight  of  anhydrous  sulphate 
of  protoxide  of  manganese  are  put  into  a two-necked  Woolf’s 
bottle,  and  twenty  parts  of  warm  water  then  added  to  dissolve  it. 
To  this  mixture  is  immediately  added  a solution  of  ten  parts  by 
weight  of  Rochelle  salt  dissolved  in  sixty  parts  of  water:  the 
thorough  mixing  of  the  fluids  is  promoted  by  well  shaking  the 
bottle ; after  this  a quantity  .of  a solution  of  caustic  potash  is 
added,  sufficient  to  render  the  fluid  quite  clear.  Immediately  after 
this  perforated  corks  fitted  with  very  tightly-fitting  glass  tubes  are 
placed  in  the  necks  of  the  bottle,  which  should  be  entirely  filled 
with  the  mixed  fluid  above  described.  One  of  the  glass  tubes — 
the  inlet  tube  for  the  gas  to  be  tested — should  just  dip  a little 
under  the  upper  level  of  the  fluid:  the  outlet  tube,  on  the  other 
hand,  should  only  reach  half  way  the  perforation  of  the  cork.  A 
very  slow  current  of  gas  is  now  made  to  pass  through  the  fluid, 
and  kept  going  for  at  least  a quarter  of  an  hour  and  at  most  a full 
hour.  If  the  gas  be  quite  free  from  atmospheric  air,  the  fluid 
in  the  bottle  will  remain  quite  clear ; if  traces  even  of  air  are 
present  a faint  colouration  of  the  liquid  will  soon  become  apparent ; 
with  a larger  proportion  tbe  fluid  will  soon  be  coloured  first  brown 
and  afterwards  intensely  black.  Since  these  changes  of  colour  are 
due  to  the  oxidation  of  the  manganese,  it  is  evident  that  every 
care  must  be  taken  to  avoid  the  presence  or  access  of  accidental 
air.  The  fluid  in  the  Woolf’s  bottle  should  reach  the  cork. 

Estimation  of  the  Total  Amount  of  Sulphur  in  Coal  Gas. — The 
following  simple  method  is  employed  by  Dr.  Letheby.  The 
objects  are  to  effect  the  combustion  of  the  gas  in  a strongly 
ammoniacal  atmosphere,  by  which  means  the  sulphurous  acid  is 
fixed  by  the  ammonia  as  soon  as  formed,  and  to  condense  the 
sulphite  of  ammonium.  These  objects  are  accomplished  in  the 
following  way: — After  passing  the  meter  the  gas  goes  through  a 
bottle  filled  with  pebbles  moistened  with  dilute  sulphuric  acid, 
for  the  purpose  of  estimating  any  ammonia  the  gas  may  contain. 
The  inlet  pipe  to  this  bottle  is  allowed  to  pass  only  one  inch 
through  the  cork : the  outlet  pipe  passes  to  the  bottom  of  the 
bottle.  The  gas  is  thus  forced  through  the  pebbles  from  the  top, 
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which  prevents  any  accumulation  of  salt  about  the  inlet  pipe.  In 
place  of  this  bottle,  a tube  about  6 inches  long,  an  inch  and  a half 
in  diameter,  and  drawn  out  at  each  end,  may  be  used;  it  is  filled, 
of  course,  with  pebbles  moistened  with  sulphuric  acid,  like  the 
bottle,  and  may  be  placed  horizontally.  The  gas  thus  purified 
from  ammonia  is  consumed  at  the  rate  of  about  half  a foot  per 
hour  in  a Leslie’s  burner,  which  is  placed  under  a long  funnel- 
shaped  tube.  This  tube  is  connected  to  one  end  of  a large  glass 
cylinder,  similar  to  those  used  for  electrical  machines,  the  other 
end  of  which  is  furnished  with  a piece  of  glass  tube  about  4 feet 
long,  joined  in  such  a manner  that  any  products  of  combustion 
condensed  in  it  will  flow  back  into  the  large  cylinder. 

The  means  by  which  ammonia  is  supplied  to  the  burner  are  the 
following  : — A wide-mouthed  bottle  filled  with  the  strongest  liquid 
ammonia  is  placed  immediately  beneath  the  burner,  and  a funnel, 
with  a short  tin  tube  attached  to  it,  is  placed  over  the  bottle  in  an 
inverted  position.  This  short  tube  passes  through  the  centre  of 
the  burner,  so  that  the  end  of  it  is  about  2 inches  abo^e  the  top  of 
the  flame.  The  draught  produced  through  the  whole  apparatus 
when  the  burner  is  alight  is  sufficient  to  evaporate  the  ammonia 
in  the  bottle,  which  is  discharged  through  the  tube  into  the  centre 
of  the  receiving-tube  over  the  burner,  and  about  2 inches  above 
the  flame.  Immediate  combination  then  ensues  between  the 
ammonia  and  the  sulphur  products  of  the  consumed  gas,  and  the 
resulting  sulphite  of  ammonium  is  condensed  along  with  the  water 
formed  in  the  large  cylinder.  After  pouring  out  the  solution  and 
rinsing  out  the  cylinder  and  tubes,  the  sulphite  is  converted  into 
sulphate  of  ammonium,  and  the  sulphuric  acid  determined  as 
sulphate  of  barium  in  the  usual  wav. 

With  this  apparatus  it  is  only  necessary  to  observe  two  precau- 
tions— to  burn  the  gas  very  slowly,  and  to  keep  up  tl  e supply  of 
ammonia.  The  latter  is  of  the  utmost  importance. 

Mr.  Valentin  has  found  that  by  passing  a mixture  of  coal 
gas  and  air  over  spongy  platinum  and  then  over  a layer  of  soda- 
litne,  every  trace  of  the  sulphur  is  absorbed  and  arrested. 

Valuation  of  Coal  for  the  Production  of  Illuminating  Gas 
(Crookes’s  ‘ Select  Methods  in  Chemical  Analysis  ’). — Take 
100  grains  of  the  coal  in  small  lumps,  so  that  they  may  be 
readily  introduced  into  a rather  wide  combustion-tube;  this  is 
drawn  out  at  its  open  end  (after  the  coal  has  been  put  in),  so  as  to 
form  a narrow  tube  which  is  to  be  bent  at  right  angles : this 
narrower  open  end  is  to  be  placed  in  a wider  glass  tube  fitted  tio-ht 
into  a cork,  fastened  into  the  neck  of  a somewhat  wide-mouthed 
bottle,  serving  as  tar-vessel  (hydraulic  main  of  the  gas  works). 
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The  cork  alluded  to  is  perforated  with  another  opening,  wherein  is 
fixed  a glass  tube  bent  at  right  angles  for  conveying  the  gas 
first  through  a chloride  of  calcium  tube,  next  through  Liebig’s 
potash  bulbs,  containing  a solution  of  caustic  potash,  having  oxide 
of  lead  dissolved  in  it.  Next  follows  another  tube,  partly  filled 
with  dry  caustic  potash  and  partly  with  chloride  of  calcium  ; from 
this  last  tube  a gas  delivery  leads  to  a graduated  glass  jar  stand- 
ing over  a pneumatic  trough,  and  acting  as  gas-holder.  Before  the 
ignition  of  the  tube  containing  the  coal  is  proceeded  with,  all  the 
portions  of  the  apparatus  are  carefully  weighed,  and  next  joined 
by  means  of  india-rubber  tubing.  After  the  combustion  is 
finished — which  should  be  carefully  conducted,  so  as  to  prevent 
the  bursting  or  blowing  out  of  the  tube — the  different  pieces  of  the 
tube  are  disconnected  and  weighed  again.  The  combustion-tube 
has  to  be  weighed  with  the  coal  after  it  has  been  drawn  out  at  its 
open  end,  and  with  the  coke  after  the  end  of  the  combustion,  when 
it  is  again  cold,  and  for  that  reason  care  is  required  in  manag- 
ing it.  We  thus  get  the  quantity  of  tar,  ammoniacal  water,  carbonic 
acid,  and  sulphuretted  hydrogen  (as  a sulphide  of  lead),  and  the  gas 
is  measured  by  immersing  the  jar  in  water,  causing  it  to  be  at  the 
game  level  inside  and  out.  Empty  the  Liebig  bulbs  into  a beaker, 
and  separate  the  sulphide  of  lead  by  filtration,  wash  carefully, 
dry  at  ioo°  C.,  and  weigh.  From  the  sulphide  of  lead,  the  sulphu- 
retted hydrogen  present  is  calculated.  This  process,  devised  by 
the  late  Dr.  T.  Richardson,  of  Newcastle-on-Tyne,  was  found 
by  him  to  vield  very  reliable  results,  so  as  to  be  suitable  for 
stating  what  quantity  of  gas  a ton  of  coal  analysed  would  yield. 

COBALT  ORES. — Analysis  of  Cobalt  Ores,  containing  Cobalt, 
Nickel,  and  Iron  (Liebig). — Add  to  the  hot  acid  solution 
ammonia  till  slightly  alkaline,  then  succinate  or  benzoate  of 
ammonia  to  throw  down  the  iron.  Precipitate  the  filtrate  by 
potassa,  and  filter.  Wash  the  oxides  of  cobalt  and  nickel  re- 
peatedly ; dissolve  them  in  pure  cyanide  of  potassium,  then  boil 
with  an  excess  of  fresh  precipitated  oxide  of  mercury.  The  whole 
of  the  nickel  deposits  with  the  excess  of  oxide  of  mercury. 
Filter,  saturate  with  acetic  acid;  boil;  then  add  sulphate  of 
copper,  and  reboil.  The  precipitate  Fas  the  following  formula : 
Cu3Co2Cy6.  Collect  it,  and  ignite,  to  destroy  the  cyanogen; 
dissolve  in  aqua-regia,  and  separate  the  copper  by  sulphuretted 
hydrogen  ; this  precipitate  must  be  redissolved,  and  the  oxide  of 
copper  precipitated  by  potass.  From  the  amount  of  copper  that  of 
cobalt  is  calculated.  Three  equivalents  of  copper  are  equal  to  two 
of  cobalt. 

Extraction  of  Cobalt  and  Nickel  from  the  Ore. — The  following 
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process  is  followed  in  a manufactory  at  Birmingham,  the  ore 
employed  consisting  principally  of  metallic  sulpho-arseniurets,  and 
containing  generally  about  6 per  cent,  of  nickel  and  3 Per  cent,  of 
cobalt.  The  ore  is  mixed  with  a small  quantity  of  carbonate  of 
calcium  and  fluor-spar,  and  the  whole  is  heated  to  a white-red  heat 
in  a reverberatory  furnace  : the  mass  fuses  at  this  high  tempera- 
ture, and  a slag  is  obtained  floating  on  the  surface  of  a fluid  mass, 
of  metallic  appearance ; the  latter  is  let  out  of  the  furnace  by  a 
particular  aperture,  and  watered,  in  order  that  it  may  be  broken 
into  fragments  with  greater  facility.  It  has  been  ascertained  from 
experience  that  when  the  slag  is  of  a dull  colour  iron  is  present, 
but  if  its  surface  be  black  and  brilliant  it  is  free  from  that  metal. 
The  metallic  mass  is  reduced  to  a very  fine  powder,  which  is 
calcined  at  a bright-red  heat  in  a furnace,  the  temperature  being 
graduated  so  as  to  avoid  fusion,  and  constantly  raked  : a consider- 
able quantity  of  arsenious  acid  is  driven  off.  The  air  has  free 
access  to  the  mass,  which  becomes  oxidized  and  diminished  in 
weight.  The  calcination,  which  lasts  for  about  twelve  hours,  is 
continued  until  no  more  white  fumes  are  given  off,  and  the  residue- 
is  treated  with  hydrochloric  .acid,  which  dissolves  nearly  the 
whole  of  it : the  liquid  is  diluted  with  water,  and  milk  of  lime 
and  chloride  of  lime  added  to  precipitate  the  iron  and  the  arsenic  ; 
the  precipitate,  after  being  well  washed,  is  thrown  away.  A 
current  of  washed  sulphuretted  hydrogen,  generated  from  sulphide 
of  iron  and  dilute  sulphuric  acid,  is  passed  into  the  liquor  until  it 
is  saturated : it  is  discontinued,  when  some  ammonia,  added  to  a 
sample  of  the  filtered  liquor,  gives  a black  precipitate ; if  there 
was  not  an  excess  of  sulphuretted  hydrogen,  the  precipitate  pro- 
duced by  ammonia  would  be  green:  the  precipitate  is  washed 
and  then  thrown  away,  a current  of  sulphuretted  hydrogen  being 
passed  into  the  wash-waters.  The  cobalt  is  then  thrown  down 
with  a solution  of  hypochlorite  of  lime.  The  precipitate,  washed, 
dried,  and  then  heated  to  redness,  is  considered  to  be  oxide  of 
cobalt,  and  part  is  sent  in  this  state  into  the  market.  Another 
portion  is  heated  to  a white-red ; by  this  treatment  the  oxide 
losses  in  weight,  but  increases  in  density ; it  is  sold  as  protoxide 
of  cobalt.  The  liquid  from  which  the  cobalt  has  been  precipitated 
is  treated  with  milk  of  lime,  which  precipitates  the  nickel  in 
the  state  of  hydrate  : this  precipitate  is  washed,  dried,  and 

heated  to  redness;  it  is  then  mixed  with  charcoal,  and,  by  means 
of  a strong  heat,  reduced  to  the  state  of  a spongy  nickel,  which  is 
employed  in  the  manufacture  of  German  silver.  The  oxide  of 
cobalt  thus  prepared  is  remarkably  pure. 

Reduction  of  Oxide  of  Cobalt  to  Reguline  Cobalt. — The  small 
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bulb-tube  of  bard  glass  attached  to  the  U-shaped  chloride  calcium 
tube  b (Fig.  16)  having  been  carefully  weighed,  a certain  known 
quantity  of  the  previously  weighed  oxide  is  introduced,  and 
the  weight  of  bulb-tube  again  accurately  noted : a stream  of 
hydrogen  gas  dried  by  passing  through  the  U-shaped  tube  is 
then  caused  to  flow  through  the  apparatus  from  the  flask  a,  and 
a flame  applied  to  the  bulb  containing  the  oxide  ; the  heat  must 
at  first  be  gentle,  but  it  must  gradually  be  raised  to  full  red- 
ness, this  high  temperature  being  necessary  to  prevent  the  re- 
duced metal  from  acquiring  a pyrophoric  property,  which  would 
cause  it  to  inflame  on  coming  in  contact  with  atmospheric  air ; 
the  hydrogen  reduces  the  metallic  oxide,  giving  rise  to  a pro- 
portional amount  of  water,  which  escapes  in  the  form  of  steam. 
When  it  is  seen  that  water  no  longer  continues  to  form,  the  flame 

I*IG.  16. 


is  removed  from  the  bulb,  and  it  is  allowed  to  cool,  while  a stream 
of  hydrogen  still  continues  to  pass  over  it;  the  bulb-tube  is  then 
again  weighed,  and  from  the  amount  of  reduced  metal  obtained 
the  quantity  contained  in  the  whole  of  the  protoxide  precipitated 
is  calculated.  If  a sufficiently  high  temperature  has  not  been  em- 
ployed, the  reduced  cobalt  oxidizes  at  common  temperatures,  but 
if  a full  red-heat  has  been  employed  it  absorbs  oxygen  very  slowly. 

Precipitation  as  Sulphide;—  Sal-ammoniac  is  added  to  the  solu- 
tion, then  slight  excess  of  ammonia,  and  finally  sulphide  _ of 
ammonium  as  long  as  precipitation  takes  place ; the  resulting 
sulphide  of  cobalt  is  washed  with  water  containing  a litt  e su 
phide  of  ammonium,  then  digested  with  aqua-regia,  and  precipi- 
tated by  potassa, ’precisely  as  sulphide  of  nickel.  Ike  hydiate 
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oxide,  after  being  washed,  dried,  and  ignited,  is  reduced  by 
hydrogen  in  the  manner  just  described.  Rose  recommends  that, 
in  the  presence  of  ammoniacal  salts,  cobalt  should  always  be  pre- 
cipitated by  sulphide  of  ammonium. 

Separation  of  Oxide  of  Cobalt  from  Oxides  of  Nickel , Zinc,  and 
Chromium. 

(a.)  From  Nickel. — Several  methods  have  been  proposed  by 
different  chemists,  but  until  recently  Phillips’s  process  was  the 
one  generally  preferred,  which  is  as  follows : — 

a.  Method  of  Phillips. — Both  oxides  are  dissolved  in  an  acid, 
and  the  solution  supersaturated  with  ammonia,  having  previously 
added  a sufficient  quantity  of  sal-ammoniac  to  prevent  any  pre- 
cipitation from  taking  place  ; the  solution,  which  has  a sky-blue 
colour,  is  largely  diluted  with  water,  which  should  have  been 
previously  well  boiled,  to  free  it  from  atmospheric  air:  caustic 
potassa  is  added  to  the  hot  solution,  and  the  vessel  is  closed  with 
a cork  ; oxide  of  nickel  is  precipitated,  and  oxide  of  cobalt  remains 
in  solution ; when  the  former  has  completely  settled,  the  super- 
natant liquid,  which  should  have  a rose-red  colour,  is  poured 
through  a filter,  and  the  oxide  of  nickel  washed  with  hot  water, 
ignited,  and  weighed  ; the  oxide  of  cobalt  in  the  filtrate  is  pre- 
cipitated by  sulphide  of  ammonium.  The  reason  why  it  is  neces- 
sary to  dilute  the  solution  of  the  two  oxides  with  water,  free  from 
atmospheric  air,  is,  that  oxide  of  cobalt  in  an  ammoniacal  solution 
is  converted  into  peroxide  of  cobalt,  which,  precipitating  as  a 
black  powder,  would  contaminate  the  oxide  of  nickel.  The  more 
dilute  the  solution  is,  the  less  easily  does  the  oxide  of  cobalt 
become  oxidized.  When  a large  quantity  of  ammoniacal  salt  is 
present,  the  quantity  of  caustic  potassa  required  to  precipitate  the 
oxide  of  nickel  is  very  considerable.  According  to  Fresexitjs,  the 
separation  by  this  method  is  not  complete,  the  cobalt  invariably 
containing  traces  of  nickel,  and  the  precipitated  nickel  often 
traces  of  cobalt. 

f3.  Liebig's  Method. — This  is  founded  on  the  following  con- 
siderations : — W7hen  any  salt  of  cobalt  is  warmed  with  cyanide  of 
potassium  and  an  excess  of  hydrocyanic  acid,  it  is  converted  into 
the  per  cyanide  of  cobalt  and  potassium,  or  cobalticy  ankle  of  potas- 
sium fCo2  CyG  Ks),  the  aqueous  solution  of  which  does  not  un- 
dergo any  decomposition  by  boiling  with  either  of  the  mineral 
acids.  On  the  other  hand,  the  precipitate  produced  by  cyanide  of 
potassium  in  solutions  of  salts  of  nickel  is  redissolved  by  cyanide 
of  potassium,  but  the  solution  is  decomposed  by  dilute  sulphuric 
acid,  cyanide  of  nickel  being  precipitated.  When,  therefore,  a 
mixture  of  a cobalt  and  a nickel  salt  containing  free  acid  is  treated 
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with  excess  of  cyanide  of  potassium,  and  slightly  warmed,  we 
obtain  in  solution  the  double  cyanide  of  nickel  and  potassium,  and 
cobalticyanide  of  potassium  (Ni  Cy  + K Cy)  + (Co2  Cy6K3),  and,  on 
adding  the  dilute  sulphuric  acid  in  the  cold,  three  cases  present 
themselves. 

I.  If  the  cohalt  and  nickel  exist  in  the  solution  in  the  pro- 
portion by  weight  of  tivo  cobalt  to  three  nickel,  we  have  in  the 
solution,  3 (Ni  Cy,  KOy)  + .(Co2Cy6K3),  and  the  three  equivalents 
of  nickel  replacing  the  three  equivalents  of  potassium  in  the 
cobalticyanide  of  potassium,  produce  cobalticyanide  of  nickel 
(Co2  Cy6  Nis),  which  is  precipitated  of  a bluish-white  colour, 
leaving  in  the  solution  no  trace  of  either  cobalt  or  nickel. 

IX.  If  the  solution  contain  less  nickel  than  corresponds  to  the 
above  proportions,  a certain  quantity  of  cobalticyanide  of  potas- 
sium remains  in  solution,  while  cobalticyanide  of  nickel  is  still 
precipitated. 

in.  If  the  solution  contain  more  nickel  than  corresponds  to 
the  above  proportions,  cobalticyanide  of  nickel  is  still  precipi- 
tated, together  with  the  excess  of  cyanide  of  nickel,  which,  by 
long  boiling  with  hydrochloric  acid,  is  completely  converted  into 
chloride  of  nickel,  which  remains  in  solution. 

Now  cobalticyanide  of  nickel,  though  insoluble  in  hydro- 
chloric acid,  is  decomposed  by  boiling  with  caustic  potassa  into 
protoxide  of  nickel  and  cobalticyanide  of  potassium,  thus, 
Co2Oy6Ni3  + 3KO  = Co2Cy6Ks  + 3NiO,  and  chloride  of  nickel  is 
also  decomposed  by  caustic  potassa  into  protoxide  of  nickel  and 
chloride  of  potassium.  Hence,  the  following  method  of  analyzing 
mixtures  of  cobalt  and  nickel,  which  is  applicable  to  all  pro- 
portions. 

Hydrochloric  acid  is  added  to  the  solution  of  the  metals,  and 
then  cyanide  of  potassium  in  such  excess  that  the  precipitate 
at  first  formed  is  redissolved ; the  whole  is  boiled,  adding  from 
time  to  time  hydrochloric  acid,  until  hydrocyanic  acid  ceases  to 
be  evolved.  Caustic  potassa  is  then  added  in  considerable  excess, 
and  the  boiling  continued  until  the  hydrated  protoxide  of  nickel 
is  completely  precipitated ; it  is  then  filtered ; the  filtrate  con- 
tains the  whole  of  the  cobalt  in  the  form  of  cobalticyanide  of 
potassium  ; it  is  evaporated  to  dryness  with  excess  of  nitric  acid, 
the  residue  fused,  and  treated  with  hot  water  : peroxide  of  cobalt 
remains,  which  is  dissolved  in  hydrochloric  acid,  and  the  solu- 
tion treated  as  already  directed. 

When  a mixture  of  the  two  oxides  is  dissolved  in  hydro- 
cyanic acid  and  potassa,  and  the  solution  kept  boiling  in  a flask, 
the  cobalt  becomes  converted  into  cobalticyanide  of  potassium, 
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and  the  nickel  into  protocyanide  of  nickel  and  potassium ; all 
the  cyanogen  is  extracted  from  the  latter  by  oxide  of  mercury , 
by  which  the  nickel  is  precipitated  in  the  form  of  oxide  ; oxide 
of  mercury  produces  no  change  in  the  cobalt  compound.  In- 
stead of  adding  oxide  of  mercury  to  the  cold  solution  of  the 
mixed  cyanides,  this  may  be  supersaturated  with  chlorine,  and 
the  resulting  protocyanide  of  nickel  again  dissolved  by  caustic 
potassa.  The  chlorine  has  no  action  on  the  cobalt  compound, 
whilst  the  nickel  compound  is  decomposed,  and  all  the  nickel 
is  at  last  precipitated  as  black  peroxide.  The  operation  must 
not  be  performed  with  heat,  as  otherwise  sesquiox-ide  of  cobalt  is 
precipitated  with  the  nickel ; and  care  must  be  taken  that  during 
the  introduction  of  the  chlorine  the  fluid  is  kept  strongly  alkaline. 

In  analysing  ores  of  nickel,  which  contain  small  quantities  only 
of  cobalt,  considerable  excess  of  hydrochloric  acid  must  be  taken 
to  precipitate  the  cyanides  dissolved  in  cyanide  of  potassium,  and 
the  mixture  must  be  continued  in  ebullition  for  a'  full  hour. 

7.  Hose's  Method. — This  is  founded  on  the  greater  tendency 
in  the  protoxide  of  cobalt  than  in  the  protoxide  of  nickel  to 
pass  to  a higher  degree  of  oxidation.  Both  metals  are  dissolved 
in  hydrochloric  acid  ; the  solution  must  contain  a sufficient 
excess  of  free  acid : it  is  then  diluted  with  much  water ; if  20  or 
30  grains  of  the  oxides  are  operated  on,  about  2 pints  of  water 
are  added  to  the  solution.  As  cobalt  possesses  a much  higher 
colouring  power  than  nickel,  not  only  in  fluxes  but  also  in  solu- 
tions, the  diluted  solution  is  of  a rose  colour,  even  when  the 
quantity  of  nickel  present  greatly  exceeds  that  of  the  cobalt. 
A current  of  chlorine  is  then  passed  through  the  solution  for 
several  hours ; * the  fluid  must  be  thoroughly  saturated  with  it, 
and  the  upper  part  of  the  flask  above  the  liquid  must  remain 
filled  with  the  gas  after  the  current  has  ceased.  Carbonate  of 
barium  in  excess  is  then  added,  and  the  whole  allowed  to  stand 
for  12  or  18  hours,  and  frequently  agitated;  the  precipitated  per- 
oxide of  cobalt,  and  the  excess  of  carbonate  of  barium,  are  well 
washed  with  cold  water,  and  dissolved  in  hot  hydrochloric  acid  ; 
after  the  separation  of  the  barium  by  sulphuric  acid,  the  cobalt  is 
precipitated  by  hydrate  of  potassa,  and,  after  being  washed  and 
dried,  is  reduced  by  hydrogen  gas,  in  the  manner  shown  in  Fig.  16. 
The  fluid  filtered  from  the  oxide  of  cobalt  is  of  a pure  green 
colour;  it  is  free  from  any  trace  of  cobalt.  After  the  removal 

* Mr.  Henry  recommends  a solution  of  bromine , which  is  to  be  added  till 
the  solution  smells  strongly  of  it ; he  found  this  to  answer  equally  well  with 
chlorine,  and  the  process  is  rendered  less  tedious  and  unpleasant. 
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of  the  barium  by  means  of  sulphuric,  acid,  the  oxide  of  nickel  ia 
precipitated  by  caustic  potassa.  To  ensure  accurate  results,  it  is 
indispensably  necessary  to  wait  a considerable  time,  at  least  12,  or 
even  better  18  hours,  after  the  addition  of  the  carbonate  of  barium, 
as  the  oxide  of  cobalt  is  precipitated  very  slowly. 

8.  Another  Method. — The  two  oxides  are  covered  with  hydro- 
cyanic acid,  and  then  potassa  added  till  a portion  remains  undis- 
solved. The  solution  is  kept  boiling  for  a quarter  of  an  hour, 
moist  hydrated  oxide  of  mercury  is  then  added  till  a portion 
remains  undissolved;  a green  precipitate  occurs  containing  all 
the  nickel,  with  the  excess  of  oxide  of  mercury.  By  ignition, 
pure  oxide  of  nickel  remains.  Acetic  acid  is  adde,d  to  the  filtrate 
to  aid  reaction  ; it  is  then  precipitated  with  blue  vitriol.  The  blue 
precipitate  contains  all  the  cobalt ; this  is  dried,  ignited,  redis- 
solved in  hydrochloric  acid,  the  copper,  precipitated  by  sulphuretted 
hydrogen,  and  then  from  the  filtrate,  the  cobalt  by  potassa.  The 
method  depends  upon  the  fact  that  nickelo- cyanide  of  potassium 
is  decomposed  by  oxide  of  mercury,  while  co6«/io-cyanide  of  potas- 
sium experiences  no  change. 

(b.)  From  Oxide  of  Zinc. — The  above  method  may,  according 
to  Bose,  be  employed  for  the  separation  of  these  two  oxides, 
and  also  for  that  of  other  oxides  from  oxide  of  cobalt,  which  are 
strongly  basic,  and  which  are  not  converted  into  superoxides : 
oxide  of  zinc  may  likewise  be  separated  from  oxide  of  cobalt 
by  Liebig’s  process  with  cyanide  of  potassium,  cobalticyanide 
of  zinc  is  gradually  dissolved  in  boiling  hydrochloric  acid,  and 
a clear  solution  is  obtained  : on  the  addition  of  caustic  potassa 
and  boiling,  both  the  cobalt  and  the  zinc  are  retained  in  solu- 
tion, the  former  as  cobalticyanide  of  potassium,  and  the  latter 
as  oxide,  and  from  the  solution  zinc  is  precipitated  by  sulphu- 
retted hydrogen)  Brunner)  : the  methods  of  Berzelius  and 
Ullgren,  for  the  separation  of  oxide  of  nickel  from  oxide  of  zinc, 
max  likewise  be  employed  for  the  separation  of  oxide  of  cobalt. 

(c.)  From  Oxide  of  Chromium. — This  is  effected  in  the  same 
manner  as  the  separation  of  oxide  of  nickel  from  oxide  of 
chromium. 

COCHINEA1. — Cochineal  is  a small  insect,  which,  as  met 
with  in  commerce,  has  the  appearance  of  small  berries  or  seeds,  of 
a dark  brown  or  purple  colour,  shrivelled,  and  marked  with  little 
transversal  furrows  or  wrinkles.  Sometimes  cochineal  is  super- 
ficially white,  in  which  case  it  is  known  as  silver  cochineal,  the 
other  being  called  black  cochineal. 

Dr.  Bancroft  says  that  that  cochineal  is  best  which  is  large, 
plump,  dry,  and  of  a silver  white  colour  on  the  surface ; but  this 
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appearance  is  sometimes  artificially  given  by  moistening  the  genuine 
cochineal  with  gum-water,  and  then  shaking  it  about  in  a° bag  or 
bos  containing  pulverized  sulphate  of  barium,  by  which  °the 
appearance  of  silver  cochineal  is  at  once  imparted,  the  weight  of 
this  expensive  article  being  thus  increased  to  the  extent  of°io  or 
12  per  cent,  with  worthless- heavy  spar,  which  is  then  sold  at  the 
price  of  cochineal. 

I ulverized  salt  and  carbonate  of  lead , Venice  talc  and  steatite , 
are  used  in  the  same  manner  to  imitate  silver  cochineal. 

,111  these  falsifications  may  be  detected  by  macerating  the 
cochineal  in  water  5 the  pulverized  substances  become  loose,  and 

may  then  be  easily  separated  by  decanting  the  turbid  liquor  and 
allowing  to  settle. 

In,  order,  however,  to  determine  the  tinctorial  power  of 
cochineal,  the  operator  should  take  20  grains  of  the  sample  of 
cochineal  under  examination,  and  also  20  grains  of  a sample  of 
cochineal  known  to  be  genuine,  and  both  should  be  boiled  sepa- 
rately in  a quart  of  water  for  the  same  space  of  time;  each  decoc- 
tion is  thrown  upon  a separate  filter,  and  the  liquors  are  poured 
into  two  glass  measures  capable  of  holding  a quart ; water  is  then 
added  to  each  so  as  to  make  up  the  quart.  An  equal  quantity  of 
each  of  these  liquors  being  now  poured  into  the  tubes  of  the 
colorimeter  (see  Indigo ),  the  difference  of  colour  may  be  ascer- 
tained and  estimated  from  the  proportion  of  water  which  must  be 
added  to  the  deeper  solution  to  bring  it  to  the  same  hue. 

°r  else,  an  equal  portion  of  each  of  the  two  decoctions  may  be 
poured  into  two  graduated  tubes,  and  then  an  aqueous  solution  of 
chlorine  is  added  until  the  liquor  becomes  vellnw  Ttm 


been  spoiled  from  having  been  shipped  with  or  even  nut  i 
vessels  which  had  previously  been  freighted  with  sugar  1 A 1 
bags  of  pepper  are  sufficient  to  spoil  a whole  shipload  of  coffee 
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Coffee,  even  that  of  the  very  best  quality  and  in  the  best  con- 
dition, may  be  impaired  by  improper  roasting,  which  operation  is 
one  of  some  nicety,  and  seldom  well  performed.  If  roasted  too 
little,  the  aroma  of  the  coffee  will  not  be  fully  developed,  and  the 
best  coffee  may  then  yield  a vapid  or  effete  infusion,  of  a green 
flavour  5 if  roasted  too  much,  the  aroma  of  the  coffee  is  dis- 
sipated, and  the  infusion  will  have  a flat',  bitter  taste. 

Coffee,  after  being  roasted  to  the  proper  degree,  should  be 
emptied  whilst  hot  in  wooden  boxes,  furnished  with  sound  and 
well-fitting  covers ; and  it  should  be  kept  therein  until  cold,  and 
not  emptied  in  an  open  hurdle,  to  which  a see-saw  motion  is  given 
in  order  to  cool  it  rapidly,  as  done  in  England.  If  roasted  in 
small  quantities,  it  may  be  emptied  in  a sheet  of  brown  paper,  and 
the  whole  wrapped  up  in  a blanket  of  flannel  until  cold,  the  same 
sheet  of  brown  paper  being  kept  for  that  purpose. 

Boasted  coffee  should  be  preserved  in  well-closed  and  per- 
fectly dry  vessels.  The  berries,  when  properly  roasted,  are  of  a 
full  and  rich  brown  colour,  bright  and  oily  superficially. 

Coffee  in  grains — that  is,  unground— may  be  of  inferior  quality, 
or  it  may  have  been  spoiled  by  contact  with  other  substances 
or  damaged  by  sea-water ; but  as  the  berry  itself  cannot  be  adul- 
terated, damaged  coffee  can  be  directly  detected,  merely  by 
smelling  or  chewing  a few  of  the  beans.  But  when  ground,  the 
case  is  different,  and  coffee  may  then  be,  and  in  fact  is,  adulterated 
to, an  enormous  extent,  by  an  admixture  of  pulverised  plants  or 
roots,  previously  roasted,  such  as  succory  or  chicory  root  (Cicho- 
rium  intybus  of  LlxXiETJS),  beet-root,  carrot,  parsnip,  madder-root, 
roasted  beans,  peas,  corn,  &c.  Ground  coffee  offers,  in  fact,  such  a 
temptation  to  fraudulent  admixture,  that  no  one  should  buy 
ground  coffee  except  from  dealers  of  first  respectability ; and  even 
then  it  is  much  better  for  the  consumer  to  purchase  a coffee-mill, 
and  to  have  his  coffee  ground  at  home.  The  expenditure  of  a few 
shillings  will  thus  shelter  him  from  all  chance  of  fraud,  and  secure 
to  him  an  infusion  of  coffee  of  an  improved  flavour,  since  ground 
coffee,  even  when  genuine,  gradually  loses  its  aroma  by  keeping. 

Of  all  the  adulterations  of  ground  coffee,  that  with  chicory  is 
the  most  prevalent.  “Whether  the  admixture  of  chicory  with 
coffee,  in  the  proportions  of  one  or  two  ounces  of  chicory  to  the 
pound  of  coffee,  gives  body  and  depth  of  colour,  is  a point  which 
cannot  be  disputed ; it  does  give  body  and  depth  of  colour,  but  this 
is  a quality  of  a questionable  nature,  and  one  which,  certainly,  no 
exercised  palate  will  relish.  At  any  rate,  when  it  is  considered 
that  the  chicory  itself  may  be  purchased  separately,  and  at  a much 
lower  price,  of  course,  than  coffee,  we  would  advise  the  consumer 
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to  buy  his  coffee  unground,  and  to  add  thereto  whatever  propor- 
tion of  chicory  may  suit  his  taste. 

With  respect  to  the  medicinal  properties  of  chicory,  which  are 
said  to  be  such  as  to  improve  those  of  the  coffee,  and  to  modify  its 
stimulating  action ; if  it  does  so,  it  cannot  be  otherwise  than  by 
dilution ; and  those  who,  on  that  account,  consider  the  addition 
not  only  as  unobjectionable  but  as  proper,  should  on  the  same 
ground  allow  the  grocer  to  mix  hay,  or  straw,  or  bran  with  his 
tea,  with  a sprinkling  of  extract  of  logwood,  and  the  publican  to 
add  water  to  his  beer  and  spirits,  the  whole  out  of  pure  regard  to 
the  health  of  the  customer,  and  merely  to  correct  or  modify  the 
stimulating  action  of  these  goods.  Chicory  has  no  other  virtue 
than  that  of  imparting  a brown  colour  to  the  water  in  which  it  is 
boiled^or  infused,  of  giving  at  the  same  time  to  the  liquid  a flat, 
sweetish,  bitter  taste,  and  of  being  much  less  expensive  than  coffee. 
Water,  in  reference  to  beer  and  spirits,  possesses  the  last  quality  in 
an  eminent  degree,  and  if  used  by  the  publican  to  the  same  extent 
as  the  chicory  by  the  grocer,  there  would  be  no  drunkards. 

However  this  may  be,  the  adulteration  of  coffee  by  chicory 
may  be  detected  in  the  following  manner  : — 

As  the  roots  of  chicory,  after  having  been  kiln-dried,  roasted, 
and  ground,  resemble  ground  coffee  so  closely  as  to  defy  detection 
when  mixed  with  it,  it  becomes  altogether  impossible  to  detect  its 
presence  by  the  eye  alone ; but  if  a little  of  the  suspected  coffee 
be  first  moistened,  and  then  rolled  between  the  fingers,  it  will,  if 
in  any  quantity,  form  a little  pellet  or  ball  ; whilst  pure  coffee, 
treated  in  the  same  manner,  cannot  be  agglomerated,  and  remains 
in  powder. 


Piie  presence  of  chicory  may  also  be  detected  by  throwing  a 
portion  of  the  suspected  coffee  into  a glass  of  water,  without 
stirring;  the  coffee  remains  for  a while  floating  Flo  _ 
on  the  surface,  but  tbe  ground  chicory  absorbs 
the  water  immediately,  and  falls  to  the  bottom  of 
the  vessel,  imparting  a yellowish  or  brownish- 
yellow  colour  to  the  liquour.  If  the  coffee  under 
examination,  instead  of  being  thrown  into  a 
tumbler,  is  put  into  an  inverted  bottle  from  which 
the  bottom  has  been  removed,  or  into  a funnel, 
the  chicory,  which  falls  down  first,  may  be  at  once 
separated  by  adroitly  removing  the  cork  and  col- 
lecting the  chicory  in  any  convenient  vessel  placed 
underneath  ; after  which  it  may  be  easily  iden- 
tified by  its  taste  and  pastiness. 

When,  instead  of  chicory,  roasted  corn,  peas,  or  beans  are 
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employed,  the  operator  may  detect  the  fraud  by  first  making  an 
infusion  of  the  suspected  coffee,  decolorising  it  as  much  as  pos- 
sible by  means  of  auimal  charcoal,  and  testing  the  cold  liquor  with 
an  aqueous  or  an  alcoholic  solution  of  iodine,  which  in  that  case 
will  produce  the  characteristic  blue  colour  indicative  of  the  pre- 
sence of  starch. 

Not  only  is  coffee  adulterated  in  the  manner  described,  but 
the  adulterating  substance  itself  is  often  sophisticated.  Thus 
ground  chicory  is  often  mixed  with  torrefied  ground  rice  and  corn, 
roasted  biscuit  or  bread,  which  are  cheaper  than  chicory.  The 
presence  of  these  substances  may  be  detected  in  chicory,  as  in 
coffee,  by  means  of  a solution  of  iodine ; and  also  because,  when 
thrown  into  an  inverted  bottle  or  funnel,  as  above  described,  the 
chicory,  absorbing  water  more  rapidly,  falls  at  the  bottom  first, 
and  may  be  separated,  as  mentioned  before. 

Chicory  powder  has  been  adulterated  also  with  brickdust, 
oclire,  and  other  earthy  matters,  the  presence  and  amount  of  which, 
however,  may  be  most  readily  determined  by  incinerating  a given 
weight  of  the  suspected  article.  100  grains  of  pure  chicory  yield 
from  4 to  5 grains  of  fixed  residue  5 the  excess  indicates  the 
fraud. 

On  the  Continent,  the  material  chiefly  used  to  adulterate  both 
chicory  and  coffee  is  coffee-grounds ; this  may  be  detected  by  first 
drying  the  suspected  chicory  in  a water-bath,  and  throwing  a 
pinch  of  it,  when  dry,  in  water,  as  .above  directed ; the  chicory 
absorbs  the  water  and  sinks  to  the  bottom  of  the  vessel,  whilst 
the  coffee-grounds  remain  on  the  surface.  When,  however,  coffee 
is  adulterated  with  coffee-grounds,  there  seems  to  be  no  other 
way  of  detecting  it  but  by  the  strength  of  the  infusion,  which  in 
that  case,  of  course,  is  less  in  proportion  to  the  extent  of  the 
fraud. 

But  the  best  guarantee  of  the  genuineness  of  coffee  is  in  the 
berry,  which  cannot  be  adulterated,  and  which,  if  damaged,  may 
be  immediately  recognized  as  being  so,  by  smelling  it  and  chewing 
a few  grains.  To  the  consumer,  we  would  therefore  say,  as  a 
general  rule,  ‘ Never  buy  ground  coffee,  if  you  can  help  it.’ 

Coffee  is  also  met  with  in  commerce  as  a manufactured  article, 
in  the  state  of  essence,  or  rather  of  extract  of  coffee.  That  pre- 
paration, provided  it  be  genuine,  is  peculiarly  adapted  to  the 
use  of  travellers,  who  are  thus  enabled  to  procure  a cup  of  very 
good  coffee  without  trouble  and  apparatus. 

coiiOGNE  YEUOW.  See  Chromate  of  Lead. 

COPAIBA  (Balsam  of  Copaiba). — Copaiba  is  a liquid 
resin,  improperly  called  balsam  of  copaiba,  which  exudes  princi- 
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pally  from  the  Copaifera  officinalis,  Copaifera  bijuga.  Its  composi- 
tion is  stated  by  Gerber  and  Stobze,  as  follows : — 

Volatile- oil  . . . 32-0  to  47’oo 

Copaivic  acid  . . . 38-0  „ 52-00 

Viscid  resin  . . . 1-65  „ 2-13 

Balsam  of  copaiba  is  a liquid  of  an  oily  consistence,  transpa- 
rent, of  a yellowish  white  colour,  of  a strong,  disagreeable  odour, 
and  of  a bitter,  acrid,  nauseous  flavour.  It  thickens  by  exposure, 
and  becomes  more  yellow ; its  specific  gravity  is  0-95,  and  it  is 
perfectly  soluble  in  rectified  alcohol.  The  balsam  of  copaiba 
which  comes  from  Brazil  is  considered  the  best ; that  from  the 
West  India  Islands  is  less  limpid  than  the  other. 

Formerly,  balsam  of  copaiba  was  frequently  adulterated  with 
fixed  oils ; but  as  it  is  entirely  soluble  in  rectified  alcohol,  the 
fraud  can  at  once  be  detected  by  treating  the  suspected  balsam 
with  that  menstruum  which  will  leave  the  oil  undissolved.  This 
adulteration,  however,  is  seldom  resorted  to  now,  and  instead  of 
the  ordinary  fixed  oils,  castor-oil,  which  is  also  soluble  in  alcohol, 
is  more  ordinarily  employed  for  the  purpose.  This  sophistication 
may  be  detected  in  various  ways. 

Mr.  Adder's  process  consists  in  mixing  the  balsam  with  a solu- 
tion of  caustic  soda,  and  agitating  the  whole  violently.  The  liquor 
becomes  milky  at  first,  but  if  it  be  left  at  rest  for  a few  hours, 
the  balsam,  if  pure,  gradually  separates  without  alteration,  and 
finally  floats  upon  the  alkaline  solution,  which  has  become  trans- 
parent ; but  if  the  balsam  contains  castor-oil,  a homogeneous 
soapy  mass  is  formed,  of  a thick  or  even  solid  nature. 

Mr.  Henry's  process  consists  in  boiling  the  suspected  balsam — 
for  example,  one  drachm — in  about  a pint  of  water,  in  an  open 
vessel.  After  boiling  it  for  four  or  five  hours,  the  balsam,  if  pure, 
will  have  been  converted  into  a dry,  brittle  resin,  with  a vitreous 
fracture ; but  if  it  contains  castor-oil,  it  will  be  left  in  the  state  of 
a more  or  less  plastic  mass  proportionate  to  the  quantity  of  castor- 
oil  with  which  it  may  have  been  mixed. 

A simpler  method  of  obtaining  the  same  result  consists  in 
pouring  a drop  of  the  balsam  upon  paper,  and  carefully  evaporat- 
ing it  over  a lamp.  If  a transparent  and  hard  spot  is  left  on  the 
1 paper,  the  balsam  is  pure  ; in  the  contrary  case  the  film  of  resin 
left  on  the  paper  will  be  soft,  and  an  oily  stain  will  be  observed 
. all  around  it,  which  is  due  to  the  absorption  of  the  oil  by  the 
paper. 

Another  process  consists  in  putting  into  a watch-glass  three 
drops  of  the  balsam  under  examination,  and  then  adding  one  drop 
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of  concentrated  sulphuric  acid  by  the  side  of  it.  At  the  point  of 
contact  the  mass  becomes  yellowish,  and  of  a saffron  colour  all 
through,  on  stirring  it  with  a glass  tube.  But  if  the  balsam  con- 
tains any  castor-oil,  it  turns  yellow  at  first,  and  soon  becomes  de- 
colorized, and  has  the  appearance  of  white  honey.  In  either  case 
the  mass  is  ultimately  charred  by  a prolonged  contact. 

Mr.  Blanche's  process  consists  in  mixing  three  parts  (by 
measure)  of  the  balsam  with  one  part  of  dilute  ammonia  of  sp. 
gr.  0-965,  or  weaker  still;  the  mixture  should  be  made  in  a glass 
tube  closed  at  one  end  and  well  corked.  The  whole  is  then  shaken, 
and  if  the  copaiba  be  pure  the  mixture  becomes  transparent  in 
the  course  of  a few  minutes ; but  if  it  contain  any  castor-oil,  it 
forms  a liniment  the  opacity  of  which  is  in  proportion  to  the 
quantity  of  castor-oil  present.  To  ensure  success  the  temperature 
should  not  be  above  7 o°  Fahr.  The  presence  of  one-twentieth 
part  of  castor-oil  may  be  detected  by  this  process. 

M.  Blondeau's  process  consists  in  triturating  one  part  of  the 
balsam  with  four  parts  of  carbonate  of  magnesium  well  pulverized ; 
the  mixture  is  then  left  at  rest,  and  in  the  course  of  a few  hours 
it  becomes  transparent,  but  thick,  like  a mucilage  of  gum  arabic ; 
but  if  castor-oil  is  present  the  mixture  remains  turbid.  The  mag- 
nesia may  be  dissolved  with  effervescence  by  an  acid,  and  the 
balsam  will  then  remain  transparent  if  pure,  but  in  the  contrary 
case  it  is  opaque. 

Balsam  of  copaiba  has  been  sometimes  adulterated  with  Venice 
turpentine ; when  this  is  the  case  the  balsam  is  thicker  than  when 
genuine,  and  when  heated  upon  a hot  iron  the  odour  of  turpentine 
is  immediately  rendered  perceptible.  When  balsam  of  copaiba 
contains  turpentine,  it  adheres  to  the  sides  of  the  bottle  in  which 
it  is  contained,  which  is  not  the  case  with  the  pure  article. 

COPAL. — Copal  is  a resin  which  exudes  spontaneously  from 
several  large  trees  in  America,  East  India,  and  on  the  coast  of 
Guinea.  The  best  copal  is  generally  in  lumps  of  moderate  size, 
colourless,  or  slightly  yellowish,  rather  dull  externally,  but  clear 
internally;  sometimes  also  it  is  yellow  oi  brownish,  and  mixed  with 
insects  and  other  impurities. 

The  specific  gravity  of  copal  varies  from  1-045  t°  ri39-  It;  is 
hard,  inodorous,  tasteless,  and  has  a conchoidal  fracture. 

Gum  anime  is  often  sold  under  the  name  of  copal,  or  copal  is 
often  mixed  with  lumps  of  gum  anime,  or  of  gum  dammar,  both 
of  which  it  somewhat  resembles.  The  two  latter  resins,  however, 
may  be  distinguished  from  copal  by  careful  observation.  Both 
resin  anime  and  dammar  soften  in  the  mouth,  but  genuine  copal 
remains  perfectly  hard. 
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The  best  way  of  detecting  the  admixture  of  resin  dammar,  or 
of  resin  anime,  with  copal,  consists  in  treating  a given  weight  of 
the  resin  under  examination  with  highly  rectified  alcohol,  which 
dissolves  both  the  dammar  and  the  anime,  but  leaves  the  copal  in 
the  state  of  a viscid,  swollen,  and  somewhat  elastic  mass. 

Copal  has  sometimes  been  mixed  with  pieces  of  insoluble 
gum.  TV  hen  the  lumps  are  sufficiently  large,  the  fraud  can  hardly 
fail  being  immediately  detected,  the  external  appearance  of  the 
pieces  of  gum  being  most  obviously  different.  But  when  the 
whole  is  broken  in  small  fragments,  the  admixture  cannot  be  so 
easily  detected  by  its  physical  characters.  Resin  copal,  however, 
being  completely  soluble  in  ether,  whilst  gum  is  altogether  in- 
soluble in  that  menstruum,  the  two  substances  may  thus  be  most 
readily  separated. 

COPPER  (Analysis  of  Copper  Ores). — (a.)  Oxygenated 
ores , comprising  oxide,  suboxide,  malachite,  and  phosphate  of  copper 
(Mohr).  According  to  the  richness  of  the  ore  to  be  assayed,  from 
75  to  150  grains  of  the  mineral  reduced  to  an  impalpable  powder 
are  warmed  with  weak  sulphuric  and  nitric  acids ; the  mixture  is 
boiled,  evaporated  to  dryness,  and  then  calcined  until  it  ceases  to 
disengage  vapour.  The  copper  becomes  transformed  into  sulphate, 
not  decomposable  by  moderate  heat,  and  very  soluble  in  sulphuric 
acid.  On  the  contrary,  iron  is  converted  into  slightly  soluble 
ferric  subsulphate,  and  lead  into  insoluble  sulphate.  With  tin 
and  antimony,  nitric  acid  forms  oxides  which  resist  the  action  of 
solvents. . When  the  capsule  is  cool,  distilled  water  is  added  and 
the  solution  boiled.  It  is  then  filtered ; the  filtrate  contains  all 
the  copper,  and  small  quantities  of  ferric  sulphate.  On  treating 
this  solution  with  zinc , the  ferric  salt  is  reduced,  and  the  copper 
precipitated  by  boiling,  in  the  metallic  state.  To  make  sure  of 
the  complete  precipitation  of  the  metal,  it  suffices  to  add  a little 
solution  of  sulphuretted  hydrogen  to  a drop  of  the  supernatant 
liquid.  To  free  the  copper  from  excess  of  zinc,  the  powder  is 
treated  with  hydrochloric  acid,  until  it  ceases  to  disengage  bubbles 
of  hydrogen  gas.  The  metal  freed  from  zinc  is  washed  with  hot 
distilled  water ; the  action  of  the  air  must  be  avoided  when  the 
solution  is  acid,  because  a portion  of  copper  would  dissolve ; but 
it  is  easy  to  avoid  this  inconvenience  by  effecting  the  washing 
promptly.  The  reduced  copper  is  dried  in  the  water-oven  till  it 
ceases  to  lose  weight.  The  presence  in  the  ore  of  zinc,  man- 
ganese, iron,  cobalt,  and  nickel,  does  not  affect  the  precision  of  the 
analysis,  neither  of  these  metals  being  precipitated  by  zinc. 

(b.)  Sulphuretted  Ores.—' The  treatment  by  sulphuric  and  nitric 
acid  must  be  several  times  repeated,  drying  and  calcining  the 
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metal  between  each  treatment  with  acid.  This  method,  the 
author  thinks,  has  the  advantage  of  being  applicable  to  all  ores, 
whatever  their  composition,  and  of  not  necessitating  a preliminary 
qualitative  analysis.  In  the  second  place,  the  copper  is  separated 
from  metals  (lead,  tin , and  antimony),  from  which  it  is  freed  with 
difficulty  by  ordinary  methods,  whilst  four  metals  (zinc,  iron, 
cobalt,  nickel)  do  not  influence  th.e  exactness  of  the  estimation,  and 
may  be  disregarded. 

Lovel's  Method  of  determining  Copper. — This  is  a modification 
of  the  method  proposed  by  Ftjch  for  the  quantitative  estimation 
of  iron  (see  Iron).  The  cuprous  solution  is  introduced  into  a flask 
that  can  be  accurately  closed  with  a glass  stopper  ; ammonia  is 
added  till  the  liquid  assumes  a transparent  blue  colour,  and  the 
flask  is  then  filled  with  water,  from  which  all  atmospheric  air  has 
been  expelled  by  boiling ; a clean  and  accurately  weighed  slip  of 
copper  is  introduced  into  the  bottle,  which  is  immediately  closed ; 
when  the  liquor  has  become  perfectly  colourless,  the  slip  is  re- 
moved, washed,  dried  and  weighed  ; the  diminution  in  weight 
which  it  has  undergone  indicates  the  amount  of  copper  originally 
present  in  the  solution.  The  result  which,  when  properly  con- 
ducted, is  very  accurate,  depends  on  the  abstraction  of  one  equiva- 
lent of  copper  from  the  slip  by  every  equivalent  of  oxide  of 
copper  in  the  solution  to  form  an  equivalent  of  suboxide  of  copper, 
which  forms  with  ammonia  a colourless  solution.  It  requires  a 
considerable  time  to  complete  the  process,  which  is  obviously 
altogether  inapplicable  in  the  presence  of  foreign  metals,  which 
are  capable  of  being  precipitated  by  copper. 

Cassaseca’s  Method. — This  consists  in  dissolving  the  copper 
compound  in  an  acid,  adding  an  excess  of  ammonia  to  the  solu- 
tion, and  comparing  the  tint  furnished  by  this  solution,  with  that 
which  a known  weight  of  pure  copper  yields  likewise  in  the  state 
of  ammoniuret. 

Volumetric  Methods  of  estimating  Copper : — 

(a.)  Pelouze' s Method  (‘ Comptes  Rendus,’ Feb.  12,  1816). — 
This  mode  of  analysis  was  suggested  to  the  author  by  the  ac- 
curacy and  rapidity  with  which  alloys  of  silver  are  analyzed  by 
the  process  discovered  by  M.  Gay-Lussac.  He  succeeded  in 
effecting  his  object  in  several  different  ways,  all  based  principally 
on  the  phenomena  of  precipitation,  and  simultaneous  decolora- 
tion. The  following  was  the  mode  of  proceeding  which  he  finally 
adopted  : — A certain  quantity  of  very  pure  copper  is  dissolved  in 
nitric  acid,  the  solution  is  diluted  with  water,  and  excess  of  am- 
monia added ; a deep  blue  solution  is  obtained.  On  the  other 
hand,  some  sulphide  of  sodium  is  dissolved  in  water,  and  poured 
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into  a tube  graduated  and  divided  into  tenths  of  a cubic  centi- 
metre ; the  ammoniacal  solution  is  heated  to  boiling,  and  the  solu- 
tion of  the  sulphide  gradually  added.  If  we  suppose  that  it  re- 
quired 31  cubic  centimetres  to  decolorize  1 gramme  of  copper,  we 
have  a standard  solution  of  known  strength.  To  apply  this  to 
the  analysis  of  copper  alloys,  a certain  known  weight  is  dissolved 
in  aqua  regia,  the  solution  is  supersaturated  with  ammonia,  heated 
to  boiling,  and  the  standard  solution  of  the  sulphide  added  until 
it  is  decolorized,  taking  care  to  add  from  time  to  time  a little 
dilute  ammonia  to  replace  that  which  is  evaporated.  The  decrease 
in  the  depths  of  the  blue  tint  points  out  that  the  end  of  the  ex- 
periment is  more  or  less  near,  and  when  it  is  requisite  to  add  the 
last  portions  of  the  sulphide  in  drops.  When  the  operation  is 
supposed  to  be  finished,  the  number  of  divisions  employed  for  the 
decoloration  is  read  oft',  and  compared  with  the  number  required 
to  decolorize  an  equal  weight  of  pure  copper.  It  must  be  re- 
marked that  the  ammoniacal  liquor  from  which  the  copper  has 
been  precipitated  does  not  long  remain  colourless,  but  gradually 
becomes  blue  in  consequence  of  the  sulphide  of  copper  becoming 
partially  converted  into  sulphate  by  the  absorption  of  oxygen. 
This  mode  of  operating  is  not,  according  to  the  author,  liable  to 
an  error  amounting  to  more  than  or  though  still  greater 
accuracy  is  obtained  by  completing  the  decoloration  of  the  blue 
liquid  with  a very  weak  solution  of  sulphide,  precisely  in  the 
manner  recommended  by  Gay-Lussac  in  his  ‘ Analysis  of  Silver 
Alloys  by  Standard  Solutions  of  Common  Salt.’  Neither  tin, 
zinc,  cadmium,  lead,  antimony , iron , arsenic,  nor  bismuth,  in  any  way 
interfere  with  the  success  of  this  process,  not  being  in  the  least 
affected  by  the  sulphide  of  sodium  while  a trace  of  copper  remains 
to  be  precipitated ; indeed  the  author  found  that  when  the  sul- 
phides of  zinc,  cadmium,  tin,  lead,  bismuth,  and  antimony  are 
placed  in  contact  with  ammoniacal  solution  of  sulphate  of  copper, 
they  decolorize  it,  some  in  the  cold,  others  with  the  assistance  of 
heat,  which  proves  very  elegantly  that  these  sulphides  cannot 
exist,  except  perhaps  for  an  instant,  in  a solution  of  copper.  Their 
formation  subsequently  to  the  decoloration  has  no  influence  on 
the  result  of  the  analysis,  as  the  termination  of  this  is  judged  of 
by  the  decoloration  of  the  liquid,  without  paying  the  least  atten- 
tion to  the  precipitates  which  subsequently  form ; or,  if  any  at- 
tention is  paid,  it  is  only  with  a view  to  obtain  some  know- 
ledge of  the  nature  of  the  metals  which  accompany  the  copper. 
Thus,  if  any  alloy  consists  of  copper,  lead,  tin,  and  zinc,  the 
presence  of  zinc  is  readily  detected  by  the  white  precipitate  which 
succeeds  the  black,  precipitate  of  sulnhide  of  copper  the  lead  and 
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tin  being  precipitated  at  the  outset  by  ammonia.  Cadmium , like 
zinc,  is  precipitated  immediately  after  the  copper.  The  very 
moment  the  liquid  is  observed  to  be  decolorized,  a beautiful  pure 
yellow  precipitate  of  sulphide  of  cadmium  is  formed,  if  the  addi- 
tion of  sulphide  be  continued.  If  the  alloy  contain  silver,  that 
metal  is  previously  precipitated  from  the  nitric  solution  by  hydro- 
chloric acid.  In  this  method  of  estimating  copper,  an  important 
property  of  ammonia,  besides  that  of  heightening  the  colour,  is 
that  it  prevents  the  salts  of  copper  being  precipitated  by  sulphites 
and  hyposulphites,  without  which  it  would  probably  have  been  im- 
possible to  estimate  the  copper  by  means  of  solutions  of  the  alka- 
line sulphides,  since  these  salts  almost  always  occur  in  the  alkaline 
sulphide,  and  are  moreover  produced  from  them  by  contact  with 
the  air.  A solution  of  sulphide  of  sodium  becomes  weaker  by 
contact  with  the  air,  but  the  alteration  is  very  slow,  nor  is  it 
necessary  to  change  the  liquid  as  long  as  any  remains  in  the  flask 
in  which  a quantity  has  been  prepared.  The  only  precaution  to 
be  taken — and  it  is  one  which  applies  to  all  standard  solutions — is 
to  determine  previously  to  each  assay  the  actual  strength  of  the 
sulphide  with  a known  weight  of  pure  copper.  Pelouze  states,  in 
conclusion,  that  this  method,  applied  to  the  analysis  of  copper 
ores,  yields  results  of  the  greatest  accuracy. 

(b.)  C.  Mohr's  Method  (Liebig’s  ‘Annalen,’  xcii.  p.  97). — This 
is  founded  on  the  fact  that  salts  of  protoxide  of  copper  are  pre- 
cipitated by  metallic  iron,  the  latter  being  converted  into  protoxide. 
The  quantity  of  the  protosalt  of  iron  is  determined  by  perman- 
ganate of  potash. 

The  solution  of  the  copper  salt  is  put,  with  a few  drops  of 
hydrochloric  acid,  and  about  one-fourth  of  pure  chloride  of  sodium, 
into  a stoppered  bottle ; a quantity  of  soft  iron  wire  is  then  in- 
troduced. The  reduction  immediately  commences,  and  should  be 
assisted  by  a heat  of  from  89°  to  100°  P.  All  the  copper  is  se- 
parated in  a metallic  form  in  an  hour  or  two,  when  no  trace  of 
copper  can  be  detected  in  the  solution  by  sulphuretted  hydrogen. 
The  following  precautions  must  be  observed — the  solution  must 
not  be  too  acid,  as  in  that  case  an  excess  of  iron  is  dissolved ; 
and  the  heat  applied  must  not  be  too  strong,  as  this  causes  the 
separation  of  a basic  protosalt  of  iron  in  the  form  of  a flocculent 
precipitate,  which  has  no  action  upon  the  permanganate  of  potas- 
sium. When  the  reduction  is  completed,  which  may  be  known 
by  the  clearness  of  the  fluid,  a protosalt  of  iron  has  taken  the 
place  of  the  protosalt  of  copper.  The  fluid  with  the  separated 
pulverulent  copper  is  then  diluted,  and  a measured  quantity 
drawn  off  by  a pipette  and  treated  with  permanganate  ot  potas- 
sium. ( See  Iron.) 
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(c.)  Schicartz's  Method  (‘  Annal.  der  Chemie  und  Pliarm.’  84). 
— This  is  based  on  the  fact  that  suboxide  of  copper  reduces  iron 
from  the  state  of  sesquichloride  to  that  of  protochloride. 

To  a solution  of  the  compound  in  nitric  acid,  or  in  water  con- 
tained in  a porcelain  basin,  is  added  a solution  of  neutral  tartrate 
of  potassium,  and  then  potassa  or  soda  in  excess ; the  blue  fluid 
obtained  is  warmed  on  the  water-bath  with  an  aqueous  solution  of 
grape  or  milk-sugar ; the  action  is  allowed  to  continue  until  the 
blue  fluid  begins  to  turn  brown ; the  precipitate,  consisting  of  sub- 
oxide of  copper,  is  allowed  to  subside,  and  then  filtered  and  washed 
with  hot  water,  till  the  washing  water  passes  through  colourless. 
The  filter  with  its  contents  are  then  transferred  to  the  porcelain 
basin,  jmd  pure  sesquichloride  of  iron  added  in  slight  excess,  to- 
gether with  a little  hydrochloric  acid  ; gentle  heat  is  applied,  and 
when  the  subchloridb  of  copper  which  is  at  first  formed  is  redis- 
solved, the  solution  is  filtered  into  a capacious  flask,  and  the  re- 
mains on  the  filter  well  washed ; it  is  then  allowed  to  cool  to 
about  70°,  and  the  amount  of  protochloride  of  iron  determined  by 
a standard  solution  of  permanganate  of  potassium.  Every  28 
parts  of  iron  found  in  the  state  of  protochloride  indicate  3175 
parts  of  copper. 

(d.)  Fleitmann's  Method  (Liebig’s  Annalen, ’April,  1856,  p.  141). 
— When  the  solution  of  copper  is  free  from  nitric  acid,  or  injurious 
metals,  such  as  antimony  and  arsenic,  the  copper  is  precipitated 
with  pure  metallic  zinc,  the  excess  of  which  metal  is  got  rid  of  by 
digestion  with  pure  sulphuric  acid  ; the  precipitate  is  washed,  and 
dissolved  in  an  acid  solution  of  pure  perchloride  of  iron.  The 
solution  of  the  copper  takes  place  almost  instantaneously,  and 
furnishes  double  its  equivalent  of  protoxide  of  iron,  which  is 
determined  by  permanganate  of  potassium ; when  nitric  acid  is 
present,  ammonia  is  added  in  excess,  and  the  precipitation  of  the 
copper  effected  in  the  filtered  solution,  by  pure  zinc  shavings. 

(e.)  Terrell's  Method  ( 1 Comptes  Rendus,’  Feb.  1,  1858). — The 
cuprous  mineral  is  dissolved  in  nitric  acid,  which  is  completely 
driven  off  by  concentrated  sulphuric  acid,  the  nitrates  being  con- 
verted into  sulphates,  ammonia  is  added  in  excess,  and  the  liquid 
filtered ; it  is  then  boiled  with  sulphite  of  ammonium  until 
colourless,  and  the  excess  of  sulphurous  acid  is  driven  off  by  boil- 
ing with  hydrochloric  acid;  the  solution  is  then  diluted  with  water, 
and  treated  with  a standard  solution  of  permanganate  of  potas- 
sium. 

(f.)  By  Cyanide  of  Potassium  (Parker  and  Mohr). — The  sub- 
stance is  dissolved  in  an  acid,  and  ammonia  added  in  excess ; a 
normal  solution  of  cyanide  of  potassium  is  then  added  from  a 
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burette  until  the  blue  colour  disappears;  two  equivalents  of 
cyanogen  are  necessary  to  decolorize  one  of  copper  in  ammonia. 
In  this  method  Field,  who  has  subjected  the  various  processes  for 
determining  copper  to  a critical  examination  (‘  Chem.  News,’  vol.  i. 
pp.  24,  61,  73),  remarks  that  great  caution  and  considerable  prac- 
tice are  required  to  determine  the  necessary  amount  of  cyanide, 
as  towards  the  end  of  the  process  the  decolorization  is  not  very 
distinct,  the  solution  assuming  a delicate  violet  tint  which  fades 
very  gradually,  leaving  at  length  the  liquid  destitute  of  colour ; it 
is  safer  to  leave  a very  slight  tint,  as  it  disappears  after  the  lapse 
of  twenty-four  hours.  If  iron  be  present,  it  is  better  not  to  filter 
off  the  peroxide  precipitated  by  ammonia,  as  it  is  exceedingly 
difficult  to  wash  the  copper  out  of  it,  and  the  estimation  of  the 
copper  can  be  perfectly  effected  in  the  solution,  in  its  presence. 
The  solution  of  cyanide  recommended  by  Field  is  1,300  grains  ol 
the  salt  dissolved  in  four  pints  of  water,  about  50  grains  of  the 
mineral  being  employed ; with  alloys  of  tin  and  copper,  antimony 
and  copper,  and  arsenic  and  copper,  this  method  is  available ; but 
it  cannot  be  applied  to  the  analysis  of  alloys  of  copper  and  zinc , or 
of  copper  and  silver ; the  presence  of  nickel  and  cobalt  likewise  in- 
terferes with  its  accuracy.  Fleck  (‘  Poly  tech.  Centralblatt,’  1859, 
p.  1313)  recommends  to  dissolve  the  copper  compound  in  carbonate 
of  ammonium  instead  of  ammonia,  and  to  add  a drop  of  felro- 
cyanide  of  potassium  to  the  blue  liquor.  The  moment  the  cupro- 
ammoniacal  compound  is  destroyed,  the  liquid  becomes  red. 

With  regard  to  the  precipitation  of  copper  by  iron  or  zinc, 
Field  remarks  that  though  the  estimation  is  never  perfectly  correct, 
traces  both  of  zinc  and  iron  being  found  with  the  precipitated 
copper,  however  carefully  the  operation  is  performed,  nevertheless 
in  a commercial  point  of  view  it  is  not  far  from  the  truth ; but 
the  precipitated  copper  should  be  washed  with  water  at  the  tem- 
perature of  ioo°  or  1200,  to  which  1 or  2 per  cent,  of  hydro- 
chloric acid  has  been  added;  if  a stronger  acid  be  used  there  is  a 
danger  of  some  of  the  finely  precipitated  copper  being  dissolved. 

(g.)  Strenfs  Method. — The  oxide  of  copper  is  reduced  by  grape- 
sugar,  a solution  of  starch  and  iodide  of  potassium  added,  after- 
wards a standard  solution  of  bichromate  of  potassium. 

When  the  whole  of  the  subchloride  of  copper  is  converted  into 
chloride,  a permanent  blue  colour  is  produced ; the  chromic  acid 
then  reacting  on  the  iodide  of  potassium  and  expelling  iodine. 
Field  finds  this  method  to  give  accurate  results,  provided  care  be 
taken  in  the  addition  of  the  iodide  of  potassium.  Diniodide  of 
copper  is  very  insoluble  in  hydrochloric  acid,  unless  the  latter  be 
in  excess,  so  that  when  a considerable  quantity  of  alkaline  iodide 
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is  employed,  and  little  hydrochloric  acid  present,  there  is  not 
much  dichloride  of  copper  in  solution. 

MM.  Plessy  and  Moreau  have  founded  a method  of  estimat- 
ing copper  on  the  following  reaction : — 

CuCl  + Cu  = CuaCl. 

The  solution  of  protochloride  is  made  as  nearly  neutral  as 
possible  by  the  addition  of  ammonia,  and  the  liquor  is  then 
rendered  green  by  the  cautious  addition  of  hydrochloric  acid  : a 
strip  of  copper  is  boiled  in  this  solution  until  it  becomes  colour- 
less ; the  loss  of  weight  indicates  the  amount  of  metal  in  the 
chloride. 

E.#  0.  Brown  (‘  Quart.  Journ.  Chem.  Soc.,’  vol.  x.  p.  65)  dis- 
solves the  copper  compound  in  nitric  acid,  adds  carbonate  of  sodium, 
and  afterwards  acetic  acid  in  excess.  Iodide  of  potassium  is  then 
added,  equal  to  at  least  six  times  the  weight  of  the  copper.  A 
standard  solution  of  hyposulphite  of  sodium  is  poured  into  the 
flask  from  a burette,  until  the  brown  colour  nearly  disappears. 
Clear  starch  liquid  is  then  introduced,  and  a further  addition  of 
hyposulphite,  until  the  blue  colour  is  destroyed.  The  presence 
of  peroxide  of  iron  is  fatal  to  this  method,  not  only  on  account  of 
the  deep  colour  of  the  peracetate  of  iron,  but  more  particularly 
because  the  peroxide  becomes  partially  deoxidized  by  the  hypo- 
sulphite, and  thus  interferes  with  the  reaction. 

In  concluding  his  valuable  review  of  the  various  methods  of 
estimating  copper,  Field  remarks  that  much  must  be  left  to  the 
knowledge  and  experience  of  the  operator.  In  a mixture  of  lead , 
arsenic,  and  copper,  the  cyanide  of  potassium  process  could  be  ad- 
vantageously adopted,  wdiilst  the  method  by  precipitation  would 
be  worthless,  as  all  the  metals  would  be  reduced.  Manganese 
and  zinc  do  not,  on  the  other  hand,  affect  the  precipitation  of 
copper  upon  iron,  but  render  the  cyanide  estimation  valueless. 

Kunsel  has  recently  proposed  the  following  modification  of 
Pelouze's  volumetric  method  for  the  estimation  of  copper : — Sul- 
phide of  zinc  is  employed  for  indicating  the  complete  precipitation 
of  the  copper,  that  substance  being  instantly  decomposed  in  a hot 
ammoniacal  solution  of  copper.  The  solution  of  sulphide  of 
sodium  is  of  such  a strength  that  one  cubic  centimetre  precipitates 
a centigramme  of  copper.  The  sulphide  of  zinc  is  prepared  by 
dissolving  the  metal  in  hydrochloric  acid,  supersaturating  with 
ammonia,  and  then  boiling  with  a little  sulphide  of  zinc  to  remove 
the  lead,  which  is  always  present  in  commercial  zinc.  The  am- 
moniacal solution  of  zinc  is  filtered  and  decomposed  with  sulphide 
of  sodium,  a small  quantity  of  zinc  being  allowed  to  remain  in 
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solution.  The  moist  sulphide  of  zinc,  with  excess  of  zinc  solution, 
is  then  spread  evenly  upon  filter-paper,  several  layers  thick;  when 
the  paper  has  absorbed  most  of  the  solution,  the  moist  white  layer 
of  sulphide  of  zinc  is  ready  for  use. 

According  to  Field,  the  most  expeditious  method  of  converting 
protosalts  of  copper  into  subsalts  by  means  of  alkaline  sulphites, 
is  to  mix  about  equal  quantities  of  sulphite  and  carbonate  of 
sodium,  and  to  make  of  these  salts  a strong  cold  solution.  This 
liquid,  poured  into  a protosalt  of  copper,  instantly  decomposes  it. 
After  a few  minutes’  boiling  the  whole  is  converted  into  suboxide, 
which  dissolves  in  hydrochloric  acid  or  ammonia  without  a shade 
iof  colour. 

Detection  and  Estimation  of  Small  Quantities  of  Antimony, 
Arsenic,  Bismuth,  and  Lead  in  metallic  Copper:  — 

Analysis  of  Commercial  Copper.  (Abel  and  Field,  1 Quart. 
Journ.  Chem.  Soc.’  January  1862.) 

(a.)  Determination  of  Antimony  and  Arsenic. — Two  hundred 
grains  of  the  metal  are  dissolved  in  nitric  acid,  a small  quantity 
of  solution  of  nitrate  of  lead  is  added,  equal  to  about  ten  grains 
of  the  salt,  and  subsequently  an  excess  of  ammonia  and  car- 
bonate of  ammonium.  A precipitate  is  formed  which  may  consist 
of  oxide  and  carbonate  Of  lead,  arsenate  and  antimoniate  of  lead, 
and  oxide  of  bismuth,  the  whole  of  the  copper  remaining  in 
solution.  The  precipitate  is  separated  by  filtration,  thoroughly 
washed,  and  digested  in  a strong  solution  of  oxalic  acid,  whereby 
the  antimony  and  arsenic  are  dissolved.  To  the  filtered  liquid 
sulphide  of  ammonium  is  added,  or  what  is  preferable,  it  is 
rendered  alkaline  by  ammonia,  and  hydrosulphuric  acid  passed 
through  to  saturation.  Traces  of  sulphide  of  copper  generally 
impart  a greenish  tinge  to  the  liquid,  and  are  deposited  after 
some  time,  as  it  is  nearly  impossible  to  wash  away  the  last  traces 
of  that  metal  from  the  nitrate  of  lead  precipitate.  This  sulphide 
is  filtered  off,  and  a slight  excess  of  hydrochloric  acid  is  added  to 
the  filtrate,  which  is  diluted  to  about  eight  ounces.  If  any  large 
amount  of  either  antimony  or  arsenic  be  present,  there  will  be 
an  immediate  precipitate.  If  smaller  quantities  exist  (one  or 
two-hundreths  of  a grain),  the  iiask  should  be  placed  on  the 
sand-bath  for  a few  hours  and  the  temperature  maintained  at 
from  i4o°  to  200°  F.,  when  the  metals,  if  present,  will  make 
their  appearance  as  sulphides.  If  the  precipitate  be  orange  or 
orange-red,  the  presence  of  antimony  is  certain ; but  if  a pure 
canary-yellow,  its  absence  may  be  presumed.  The  precipitated 
sulphides  are  oxidized  by  means  of  concentrated  nitro-hydro- 
chloric  acid,  the  clear  solution  is  mixed  with  chloride  of  ammo- 
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duced,  and  the  liquid  is  warmed  until  the  precipitate  disappears. 
On  cooling,  crystalline  scales  make  their  appearance,  which  by 
their  colour  indicate  the  presence  or  absence  of  bismuth.  If  that 
metal  he  absent,  the  scales  are  brilliant  gold-colour,  but  if  it  be 
present,  or  even  the  slightest  trace,  they  assume  a dark  orange 
or  crimson  tint,  varying  in  intensity  of  colour  according  to  the 
amount  of  bismuth  present.  If  it  be  desired  to  test  the  copper  for 
arsenic,  the  nitrate  of  lead  precipitate  is  digested  with  acetic  acid. 
The  oxalates  of  lead  and  bismuth  are  insoluble  in  acetic  acid,  but 
it  dissolves  the  arsenic. 

Assay  of  Copper  Pyrites  (Pearson). — Place  a weighed 
quantity  of  the  powdered  mineral  together  with  some  chlorate 
of  potassium  in  a porcelain  dish  (5  grammes  of  a variety 
of  pyrites  containing  about  18  per  cent,  of  copper  are  found 
to  be  enough  for  one  analaysis,  and  a quantity  of  chlorate  of 
potassium  equal  to  a small  tea-spoonful  was  added  to  the  ore). 
Invert  a small  glass  funnel  with  bent  stem  in  the  dish  above  the 
pyrites,  and  pour  upon  the  latter  rather  more  strong  ordinary 
nitric  acid  than  would  be  sufficient  to  completely  cover  the 
powder.  Place  the  dish  upon  a water-bath,  and  from  time  to 
time  throw  into  it  small  quantities  of  chlorate  of  potassium.  The 
doses  of  the  chlorate  must  be  repeated  at  frequent  intervals,  until 
free  sulphur  can  no  longer  be  seen  in  the  dish.  If  need  be,  add 
nitric  acid  also  from  time  to  time  to  replace  that  lost  by 
evaporation. 

As  a general  rule  it  is  safer  and  more  convenient  to  heat  the 
mixture  on  a water-bath  than  upon  sand,  though  the  oxidation  of 
sulphur  can  be  effected  more  easily  and  quickly  when  the  mixture 
of  nitric  acid  and  chlorate  is  heated  to  actual  boiling  than  at  the 
temperature  attainable  by  means  of  a water-bath.  When  the  last 
particles  of  sulphur  have  disappeared,  remove  the  inverted  funnel 
from  the  dish,  rinse  it  with  water,  and  collect  the  rinsings  in  a 
beaker  by  themselves.  Allow  the  liquor  in  the  evaporating  dish 
to  become  cold,  pour  upon  it  a quantity  of  ordinary  strong  hydro- 
chloric acid  rather  larger  than  the  quantity  of  nitric  acid  taken  at 
first,  evaporate  the  mixed  solution  to  dryness,  and  heat  the  dry 
residue  to  render  silica  insoluble  in  case  any  silica  be  present. 

Pour  water  upon  the  cold  residue,  and  without  filtering  the 
liquor  with  the  contents  of  the  dish  into  the  beaker  which  contains 
the  rinsings  of  the  funnel.  Heat  the  liquid  in  the  beaker  nearly 
to  boiling;  add  to  it  about  25  c.c.  of  a strong  aqueous  solution  of 
protosulphate  of  iron  slightly  acidulated  with  sulphuric  acid,  and 
keep  the  mixture  at  a temperature  near  boiling  during  four  or  five 
minutes,  in  order  to  destroy  the  small  quantity  of  nitric  acid  which 
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decomposition ***  »f  ««*<»*»  ^ 
The  protosulphate  of  iron  seldom  or  never  acts  instantaneously 
once  be  r^UC1Dg  Pr°CeedS  rapidly  and  Perfectly  satisfactorily  when 

When  enough  of  the  iron  salt  has  been  added,  filter  the  mixed 
solution  into  a wide  beaker,  precipitate  the  copper  in  a metallic 
state  upon  a sheet  of  iron  m the  usual  way,  and  ignite  the  copper 
a Porcelain  crucible  in  a current  of  hydrogen  before  weighing  it. 
y °r  an  elaborate  artlcIe  011  the  Manspeld  processes  for  esti- 
uia  mg  copper  in  ores,  and  the  assay  processes  of  Steinbeck  and 
lucko5  see  Crookes’s  ‘Select  Methods  in  ChemicalTnJ"^ 


D ^ assay  processes  oi  Steinbeck  am 

PP^^.f00^  <Sel6Ct  Methods  in  Chemical  Ana^es! 

COPPER'  SUIPHATE  (Copperas  Blue,  B!ue  Vitriol 
Roman  Vitriol). -Sulphate  of  copper  is  met  with  in  commerce  in 
four-  or  eight-sided  prismatic  crystals  of  a fine  blue  colour,  slightly 

tf  tere&  The  * Sty^C’  metallic>  disagreeable 

77  /^specific  gravity  is  2-19.  The  crystals  are  soluble  in  4 

Htmus  pa'per’  ^The  ^7  i°f  b°iling  the  S°luti°n  reddens 

Exposed  to  a fll  ^ “!  COmPletely  insoluble  in  alcohol, 

xpo.ed  to  a dry  atmosphere,  they  effloresce,  lose  2 equivalents  of 

water  and  become  opaque;  at  2120  Fahr.  they  retain  only  1 
equnalent  of  water,  and  at  a temperature  of  about  2920  Fab/ 
hey  become  converted  into  an  almost  white  powder,  which  1 an 
anhydrous  sulpnate  of  copper,  but  which  becomes  blue  a^ain  bv 

cornnhS  rteriUP0n  lL  Ignition  decomposes  sulphate  ofcopper 
completely  and  converts  it  into  protoxide  of  copper.  P1 

The  sulphate  of  copper  of  commerce  is  often  contaminated 

a large  extent’ with  su,pb“te  iro“-  *,  .“oi 

di  'L°le:  t0  detrCt  7 prGSence  of  iron  in  sulphate  of  copper, 
d Clysta*s  under  examination  in  water,  boil  with  some 

The  qir)C1  ’ Si-611  add  t0  tde  s°iuti°n  an  excess  of  ammonia 

but  777*  trSt  preciPitfttes  both  the  iron  and  the  copper  • 
but  the  latter  soon  redissolves  in  the  excess  of  ammonia,  whilst 

.n^otofed  2 a3  fife 

Supposing,  however,  that  the  sulphate  of  copper  under  exami- 
nation contains  at  the  same  time  sulphate  of  iron,  of  zinc  and 
of  magnesium,  the  best  way  of  detecting  the  presence  and  17 
running  the  amount  of  these  impurities,  is  perhaps  as  follows  •— 
Dissolve  a weighed  quantity  of  the  salt  under  examination  • 
mater,  and  acidify  the  solution  somewhat  strongly  with  hydro'1 
chloric  acid;  a current  of  sulphuretted  hydrogen  is  then  slot  £ 
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passed  through,  the  acid  solution  until  it  smells  strongly  of  the 
gas  ; a black  precipitate  is  produced,  which  is  sulphide  of  copper, 
and  which  should  he  rapidly  collected  on  a filter,  and  washed 
without  interruption  with  water  containing  some  sulphuretted 
hydrogen.  The  sulphide  of  copper  obtained  is  then  dried,  so  that 
it  may  be  easily  detached  from  the  filter,  and  it  is  transferred  to 
a glass  beaker.  As  the  filter  still  retains  small  particles  of  the 
sulphide  of  copper,  it  should  be  burnt  separately  on  the  cover  of 
a platinum  crucible,  and  the  ashes  being  added  to  the  sulphide  of 
copper  in  the  glass  beaker,  the  whole  is  treated  by  nitric  acid,  or 
aqua  regia,  until  the  sulphur,  which  separates,  has  acquired  a 
pure  lemon-yellow  colour.  The  solution  is  then  filtered,  and  the 
protoxide  of  copper  is  precipitated  by  means  of  a solution  of 
caustic  potash  ; the  whole  is  moderately  boiled,  in  order  to  agglo- 
merate the  oxide  of  copper,  which  may  then  be  collected  on  a 
filter,  washed  with  hot  water,  dried,  ignited  in  a platinum  crucible, 
which  should  be  kept  covered,  and,  after  cooling,  it  is  weighed. 
40  graips  of  oxide  of  copper  represent  80  grains  of  anhydrous  sul- 
phate of  copper,  or  125  grains  of  the  ordinary  crystals. 

The  liquor  filtered  from  the  sulphide  of  copper,  produced  by 
sulphuretted  hydrogen,  should  now  be  heated  until  all  odour  of 
the  gas  has  disappeared ; nitric  acid  is  then  poured  into  it,  and  the 
whole  is  boiled,  in  order  to  peroxide  the  iron ; the  acid  liquor 
should  now  be  neutralised  with  ammonia,  and  precipitated  by 
succinate  of  ammonium.  The  liquor  filtered  from  the  persuccinate 
of  iron  produced  should  then  be  treated  by  hydrosulphuret 
of  ammonia,  which,  if  zinc  is  present,  will  produce  a white  pre- 
cipitate of  sulphide  of  zinc,  which  may  be  converted  into  oxide  of 
zinc,  exactly  as  described  in  the  article  on  Zinc.  The  liquor  which 
was  filtered  from  the  sulphide  of  zinc  may  finally  be  super- 
saturated with  hydrochloric  acid,  in  order  to  decompose  the 
hydrosulphuret  of  ammonia,  and  the  magnesia  which  is  in  solution 
in  that  liquor  is  precipitated  in  the  state  of  bibasic  phosphate  of 
ammonium  and  magnesium  by  means  of  a solution  of  phosphate  of 
sodium  with  addition  of  ammonia.  This  precipitate  should  be 
mixed  with  some  ammonia.  The  precipitate  should  be  left  at  rest 
for  several  hours  (about  twelve),  because  it  takes  a long  time 
to  settle ; after  which  it  may  be  collected  on  a filter,  as  above 
said,  washed,  thoroughly  dried,  and  gradually  submitted  to  an 
intense  heat,  in  a covered  platinum  crucible.  After  cooling,  it  is 
weighed.  1 grain  of  pyrophosphate  of  magnesium  contains 
0’3663 7 grain  of  magnesia. 

COPPER  ACETATE  (Sub-acetate  of  Copper,  Verdigris, 
CErugo,  Verfliter). — The  acetate  of  copper  of  commerce  is  a basic 
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salt  of  copper,  which  is  met  with  in  lumps  or  cakes  of  about  twenty- 
five  pounds  weight,  packed  up  in  white  leather.  This  article, 
which  is  extensively  used  by  painters  and'  dyers,  and  in  medicine, 
is  often  adulterated  to  a large  extent  with  chalk  and  with  sulphate 
of  copper. 

The  presence  of  chalk  is  detected  by  pouring  hydrochloric  acid 
upon  a given  weight  of  the  verdigris  previously  pulverized.  If 
chalk  be  present,  an  effervescence  will  take  place,  but  if  pure  the 
verdigris  will  dissolve  in  the  acid  without  effervescing.  Some 
impurities  will,  however,  be  left  in  an  insoluble  state,  which  should 
be  collected  on  a filter,  washed,  dried,  and  weighed;  in  the 
genuine  articles  their  proportions  should  not  exceed  5 or  6 per  cent. 

To  the  liquor  filtered  from  the  insoluble  impurities,  solution  of 
chloride  of  barium  is  added ; if  this  produces  a white  precipitate  it 
is  sulphate  of  barium,  and  indicates  the  presence  of  sulphuric  acid. 
The  liquor  containing  this  precipitate  must  be  well  shaken,  and 
the  precipitate,  being  separated  by  filtering,  should  be  washed, 
dried,  ignited,  and  weighed.  1 1 7 grains  of  sulphate  of  barium  = 40 
grains  of  anhydrous  sulphuric  acid,  and  consequently  80  grains  of 
anhydrous  sulphate  of  copper,  or  125  grains  of  this  salt  in  crystals. 

In  order  to  determine  the  proportion  of  carbonate  of  calcium , a 
given  weight  of  the  verdigris,  dissolved  in  hydrochloric  acid,  as 
above  mentioned,  should  be  treated  by  a current  of  sulphuretted 
hydrogen,  until  all  the  copper  is  Fig 

precipitated  in  the  state  of  sul- 
phide of  copper. 

This  is  done  in  the  following 
manner:  a,  Tig.  17,  is  a bottle 
containing  a few  lumps  of  proto- 
sulphide of  iron,  and  provided 
with  a perfectly  air-tight  cork, 
perforated  with  two  holes, 
through  one  of  which  a funnel  is 
introduced,  and  through  the  other 
hole  a short  straight  glass  tube, 
c,  protrudes,  which  is  connected 
by  means  of  a tube  of  vulcanized 
caoutchouc,  d,  with  another  glass 
tube,  e,  which  passes  through  a hole  in  the  cork  of  bottle  P,  con- 
taining water,  and  into  which  water  the  tube  E plunges  about  one 
inch  deep  ; through  another  hole  in  the  cork  of  bottle  p a short 
straight  tube  of  glass,  o,  is  connected  by  means  of  a tube  of 
caoutchouc,  n,  with  a disengagement  straight  glass  tube,  j, 
which  is  immersed  in  the  beaker  k,  containing  the  solution  of  th  e 
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acetate  of  copper  under  examination.  Sulphuric  acid,  diluted  with 
water,  being  poured  through  the  funnel  B,  into  the  bottle  A,  con- 
taining protosulphide  of  iron,  a copious  stream  of  sulphuretted 
hydrogen  is  immediately  evolved.  All  the  joints  should,  of 
course,  be  perfectly  air-tight.  The  water  in  the  bottle  F serves  to 
wash  the  gas. 

The  stream  of  sulphuretted  hydrogen  should  be  passed  through 
the  solution  of  acetate  of  copper  until  the  latter  smells  strongly  of 
the  gas,  even  after  shaking  it  well.  The  black  precipitate  of  sul- 
phide of  copper  thus  produced  is  separated  by  filtering  and 
washed.  The  filtrate  is  then  neutralized  by  ammonia,  and  treated 
by  oxalate  of  ammonium,  which  will  precipitate  the  lime  as  oxalate 
of  calcium.  It  is  collected  on  a filter,  washed,  dried,  and  ignited 
in  a platinum  crucible.  Ignition  converts  it  into  carbonate  of 
calcium,  and  as  such  it  is  weighed,  or,  which  is  better,  it  may  be 
converted  into  sulphate  of  calcium  by  dilute  sulphuric  acid  and 
subsequent  ignition.  68  grains  of  sulphate  of  calcium  correspond 
to  50  grains  of  carbonate. 

Pure  verdigris  is  completely  soluble,  not  only  in  hydrochloric 
acid,  but  also  in  ammonia,  and  with  the  help  of  heat  also  in  dilute 
sulphuric  acid. 

The  buyers  of  this  article  generally  judge  of  its  value  by  the 
brightness  of  its  colour,  and  by  its  dryness ; by  rubbing  it  in  the 
palm  of  the  hand  with  a little  water,  it  should  form  a smooth 
paste  free  from  grittiness. 

The  best  verdigris  is  made  at  Montpelier,  in  France.  The 
English  verdigris  is  made  from  the  refuse  of  cider,  and  is  much 
inferior  to  the  French. 

COTTON  and  LINEN Linen  fabrics  are  often  mixed  with 

cotton.  M.  Kindt  proposed,  as  a means  of  detecting  these  two 
substances  from  each  other,  a method  which  is  grounded  upon  the 
power  which  concentrated  sulphuric  acid  possesses  of  dissolving 
the  cellulose  of  cotton  more  rapidly  than  that  of  flax. 

The  mode  of  proceeding  is  as  follows  : — A portion  of  the  tissue 
is  first  boiled  in  water,  in  order  to  remove  the  stiffening ; it  is  then 
dried,  cut  in  half,  weighed,  and  one  of  the  halves  is  plunged  into 
concentrated  sulphuric  acid  for  two  minutes.  The  tissue,  which 
has  then  become  transparent,  is  again  boiled  in  water,  for  the 
purpose  of  removing  the  gummy  substance  produced;  this  re- 
moval may  be  promoted,  if  needful,  by  friction  between  the 
fingers.  The  acid  is  ultimately  eliminated  by  washing  the  tissue 
with  a weak  solution  of  alkali,  then  with  pure  water,  after  which 
it  is  dried.  As  in  this  process  the  threads  of  cotton  have  been 
dissolved,  their  amount  may  be  immediately  determined  by  the 
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loss  as  compared  with  the  portion  which  has  not  been  submitted 
to  the  action  of  the  sulphuric  acid. 

. If  *he  Piece  were  leffc  too  long  in  the  acid,  the  flax  would  like- 
wise be  attacked ; but  if  the  tissue  contain  no  cotton,  the  corrosion 
will  have  been  uniform,  whilst  in  the  contrary  case  the  cotton 
is  hrst  attacked  and  converted  into  gum,  whilst  the  flax  remains 
white  and  opaque. 

A concentrated  solution  of  caustic  potash  may  also  be  em 
ployed  for  the  purpose,  as  follows  :-A  piece  of  the  tissue  is  to  be 
boiled  for  two  minutes  in  a strong  solution  of  caustic  potash  and 
thendnedbetweenfoWsofbbtting-paper.  Upon  unravelling  it 
men  pleads  will  be  found  to  have  acquired  a dark  yellow 
tinge,  whilst  those  of  cotton  have  remained  white,  or  have  only 
become  slightly  tinged  with  yellow.  ^ 

. The  Presence  of  cotton  in  a tissue  may  also  be  detected  by  the 
microscope  the  fibres  of  cotton  having  a flat  and  shrivelled  an- 
pearance,  while  those  of  flax  are  round  and  straight.  P 

Cotton  and  Wool.— To  distinguish  cotton  from  wool,  boil  a 
square  inch  of  the  tissue  in  a solution  of  caustic  soda.  The  whole 
of  the  wool  will  be  dissolved,  while  the  cotton  fibres  are  scarcely 
Wjuied  at  all  by  this  treatment;  and  if  the  threads  'have  been 

estimated^  °°  ’ ^ pr°portions  ma7  directly 

Cotton  from  Wool  and  Silk— If  the  tissue  be  whole  the  nre 
senceof  sflk  or  of  wooimaybe  distinguished  from  cotton  by  means 
of  chlorine ; for  if  the  tissue  be  exposed  to  the  action  of  this  gas  the 
wool  or  silk  becomes  yellow,  whilst  the  cotton  remains  white 

The  presence  of  cotton  may  be  most  easily  recoo-mSPri 
tabbed  from  wool  and  from  silk  by  nnJJZgZ slLtd' 
tissue,  and  inflaming  the  threads  so  unravelled.  Wool  and  silk 
threads,  when  so  treated,  shrivel  up,  burn  with  difficulty  and  w?.k 
a characteristic  odour,  and  leave  a voluminous  charcoal  - wh‘l  i 
cotton  threads  bum  rapidly,  leave  no  charcoal,  and  evolve  no  odour 

CRUDE  TARTAR.  See  BlTARTRATE  OE  POTASSIUM. 

c^yscoua.  See  Borax. 

crystal.  See  Glass. 

cubic  NITRE.  See  Nitre. 

cutch.  See  Catechu. 

DUTCH  COLD.  See  BRASS. 

dutch  white.  See  Lead  Carbonate. 

electram.  See  German  Silver. 

EPSOM  salts.  See  Sulphate  oe  Magnesium. 

ESSENTIAL  OILS.  See  Oils. 

ether.  Ether  is  the  name  of  a comoound  which  is  pro 
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duced  under  a great  number  of  circumstances ; but  the  substance 
popularly  known  by  the  term  Ether,  and  which  is  used  almost 
exclusively  both  for  manufacturing  purposes  and  in  the  laboratory, 
is  that  formed  by  the  action  of  concentrated  sulphuric  acid  upon 
alcohol,  and  is  known  as  sulphuric  ether. 

Ether,  when  pure,  is  colourless  and  very  fluid  ; it  has  a peculiar, 
strong,  penetrating,  but  agreeable  odour,  and  a burning,  pungent, 
sweetish  flavour.  It  should  be  perfectly  neutral  to  test-paper. 

The  ether  of  commerce  is  generally  unsophisticated,  but  it  is 
nevertheless  found  much  less  pure  or  strong  than  should  be. 
The  only  adulteration  to  which  ether  is  liable  is  by  an  admix- 
ture of  alcohol,  in  which  it  is  soluble  in  all  proportion.  The 
presence  of  alcohol  in  ether,  however,  is  very  easily  recognized  by 
pouring  a certain  quantity  of  the  suspected  ether  into  a graduated 
tube,  and  adding  a small  quantity  of  water,  which,  dissolving  the 
alcohol,  produces  a much  more  considerable  diminution  of  volume, 
if  the  ether  contain  that  body,  then  when  it  is  pure  ; of  course  the 
mixture  should  be  shaken.  It  should  be  recollected  that  10  parts 
of  water  dissolve  1 of  ether,  and  consequently  that  a diminu- 
tion in  that  proportion  will  always  take  place,  even  with  pure 
ether,  for  which  an  allowance  must  be  made. 

The  alcohol  employed  in  the  manufacture  of  ether  should  be 
very  pure,  or  well  rectified  ; otherwise  the  ether  will  have  a much 
less  agreeable  or  even  an  unpleasant  odour,  due  to  the  presence  of 
fusel  or  other  essential  oil. 

The  specific  gravity  of  good  ether  is  0775. 

The  oxygen  of  the  air  slowly  acidifies  ether,  owing  to  which 
it  frequently  reddens  litmus-paper  ; such  ether  should  be  redis- 
tilled with  potash  or  caustic  magnesia.  The  operator,  in  doing 
this,  should  bear  in  mind  that  the  vapour  of  ether  is  highly 
inflammable  and  heavy,  and  that  it  frequently  happens  that  in 
falling  upon  recl-hot  coals,  or  the  flame  of  gas,  of  candles,  or  of 
other  ignited  bodies,  it  may  catch  fire,  and  cause  serious  accidents. 

Ether  is  principally  used  as  a solvent  in  certain  analytical 
operations,  to  detect  and  isolate  bromine,  and  in  the  preparation  of 
a great  number  of  organic  bases,  &c. 

Ether  is  sometimes  used  as  an  anaesthetic  agent,  but  chloroform 
and  nitrous  oxide  gas  are  now  generally  employed  in  preference. 

rERROCYANlDE  OF  POTASSIUM  (Yellow  Prussiate 
of  Potash). — The  ferrocvanide  of  potassium  of  commerce  is 
generally  in  large  and  beautiful  crystals  of  a fine  lemon  yellow 
colour,  which  should  be  entirely  soluble  in  alcohol. 

The  yellow  prussiate  of  commerce  is  sometimes  contaminated 
by  sulphate  of  potassium,  the  presence  of  which  may  be  detected 
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by  dissolving  a portion  of  the  salt  in  water,  and  adding  thereto  a 
solution  of  chloride  of  barium,  or  of  nitrate  of  barium,  which  will 
then  produce  a white  precipitate  of  sulphate  of  barium,  insoluble 
in  water  and  in  acids,  if  sulphate  of  potassium  be  present.  The 
piecipitated  sulphate  of  barium  should  be  collected  on  a filter, 
washed,  dried,  ignited,  and  weighed.  1 16‘6  grains  of  sulphate  of 
aiium  correspond  to  87*0  grains  of  sulphate  of  potassium. 

This  substance  has  become  an  important  article  of  commerce, 
nirge  quantities  of  it  being  consumed  by  calico-printers  and  dyers, 
by  the  manufacturers  of  Prussian  blue,  and  in  electro-plating 

pixeb  oils.  See  Oils. 

FLOITR.— The  substances  principally  employed  for  the  pur- 
pose of  adulterating  wheat  flour  are  fecula,  or  potato-starch, 
bean-flour,  Indian  corn-four,  rye,  and  rice-four,  which  alimentary 
substances  are  objectionable  only  when  the  flour  containing  them, 
or  the  bread  made  with  such  flour,  is  sold  as  genuine  wheat-flour 
or  bread  ; but  besides  these  so  far  venial  additions,  flour  is  some- 
times sophisticated  by  alum,  chalk,  bone-dust,  and  plaster. 

Detection  of  Potato-four.— This  admixture  of  this  fecula  is  well 
detected  by  the  microscope.  The  particles  of  potato-starch  are 
irregular  in  shape,  and  of  various  sizes;  and,  moreover,  upon  placing 
a little  of  the  suspected  flour  before  the  microscope,  and  moisten- 
ing it  with  a solution  of  potash,  the  particles  of  wheat-flour 
undergo  no  change  whatever,  whilst  the  globules  of  fecula  spread 
into  thin,  transparent  plates. 

Although  the  presence  of  fecula  can  he  detected  even  when  in 
extremely  minute  proportion,  yet  it  would  appear  that  its 
quantity  cannot  be  very  rigorously  estimated  when  under  10 
per  cent. ; but  an  adulteration  below  10  per  cent,  is  scarcely 
probable,  since  it  would  hardly,  if  at  all,  be  remunerative;  on 
the  other  hand  Dumas  asserts,  that  when  fecula  is  added  to 
wheat-flour,  to  the  extent  of  30  per  cent.,  it  is  impossible  to  make 
lead  with  it.  It  may,  therefore,  be  assumed  that  the  addition  of 
fecula  to  wheat-flour  ranges  from  10  to  25  per  cent. ; but,  as  we 
^(^re'  tLe  Presence  of  a much  more  minute  quantity  can  be 

One  of  the  methods  of  doing  this  is  the  following,  which 
according  to  M.  Chevaliieb,  can  be  applied  with  advantage! 
not  only  to  flour  which  has  been  simply  mixed  with  fecula,  or 
which  has  been  ground  with  it,  but  likewise  to  vermicelli 

Take  of  the  flour  under  examination  300  grains 
>>  Smd  ■ ■ . .300° 

” W"ter  • • . . 2 ounces. 
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Triturate  the  flour  and  the  sand  in  a Wedgewood  mortar  for 
about  five  minutes,  adding  the  water  gradually,  so  as  to  form  a 
homogeneous  paste,  which  is  then  to  be  diluted  with  the 
remainder  of  the  water.  This  being  done,  throw  the  whole 
on  a filter,  and  whilst  filtering  prepare  an  aqueous  solution  of 
iodine,  by  pouring  about  two  oimces  of  water  upon  about  50 
grains  of  iodine,  and  shake  the  whole  for  about  ten  minutes ; the 
aqueous  solution  is  then  decanted,  and  the  undissolved  iodine  is 
kept  for  further  use.  Of  the  aqueous  solution  of  iodine  so 
prepared,  pour  one  ounce  into  an  equal  quantity  of  the  liquor 
filtered  from  the  flour.  If  the  flour  be  pure,  this  addition  will 
produce  a pink  colour,  which,  however,  gradually  disappears  more 
or  less  rapidly ; whilst,  if  the  flour  contain  10  per  cent,  of  fecula, 
the  liquor  will  become  of  a dark  purple  colour,  which  disappears 
much  more  slowly.  This  experiment  should  be  performed  simul- 
taneously with  flour  which  is  known  to  be  pure. 

If  now  the  liquor  be  examined  after  a short  time,  it  will  be 
seen  that  the  colour  of  the  liquor  obtained  from  the  pure  flour 
begins  to  disappear  from  the  bottom  of  the  glass  upwards,  and  in 
the  course  of  eight  or  ten  minutes  it  completely  disappears ; whilst, 
if  fecula  be  present,  the  decolourization  begins  likewise  from  the 
bottom  upwards,  but  the  purple  or  violet  colour  persists  for  a long 
time  at  the  surface,  so  that  the  liquor  forms  two  distinct  strata, 
the  lower  of  which  is  colourless,  the  upper  one  purple. 

Another  process  by  which  the  quantity  of  fecula  added  to  flour 
may  be  accurately  estimated  is  that  proposed  by  M.  Robine  ; it  is 
as  follows : — 

Take  500  grains  of  the  suspected  flour,  and  mix  it  in  a glass 
beaker  with  a glass  rod,  with  200  grains  of  cold  water.  The 
whole  being  mixed  to  a doughy  consistence,  the  mass  is  then 
squeezed  in  the  palm  of  the  hand,  whilst  holding  it  in  a basin 
half  full  of  water,  by  which  means  the  gluten  is  separated,  and 
ultimately  left  in  the  hand,  in  a pure  state,  under  the  form  of  an 
elastic  and  glutinous  mass,  which  may  be  weighed.  The  small ' 
pieces  of  gluten  which  may  have  escaped  and  have  fallen  in  the 
basin,  should  be,  of  course,  collected  and  weighed  with  the  por- 
tions of  gluten  already  obtained. 

The  water  in  the  basin  which  contains  the  starch  should  now 
be  well  stirred,  and  poured,  whilst  turbid,  into  a conical  glass  (a 
six-ounce  glass  measure  answers  the  purpose  well),  and  the  whole 
is  then  left  at  rest.  At  the  end  of  an  hour  a deposit  will  have 
formed  at  the  bottom  of  the  glass,  which  must  be  left  undisturbed. 
When  the  whole  has  been  left  at  rest  for  two  hours,  the  super- 
ntant  liquor  is  carefully  syphoned  out,  and  the  whole  being  left 
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again  undisturbed  for  two  hours,  any  water  which  may  be 
observed  floating  above  the  deposit  may  be  carefully  sucked  up 
by  means  of  a pipette. 

On  examining  the  deposit,  it  will  be  found  to  be  in  two  distinct 
layers ; the  upper  one  has  a gTey  colour,  and  consists  of  a mixture 
of  gluten,  in  a finely  divided  state,  and  of  albumen ; the  lower 
layer,  which  is  opaque  and  white,  is  starch. 

The  upper  layer  should  he  carefully  removed  with  a teaspoon, 
down  to  the  compact  layer  of  starch,  which  is  known,  because  it 
feels  harder  and  stiffer ; the  second  layer  should  be  left  undis- 
turbed until  it  has  become  quite  solid  by  drying.  When  it  is  in 
that  stafe,  it  may  be  easily  removed  from  the  glass  by  pressing  it 
gently  with  the  finger  all  round  until  it  is  detached,  and  it  may 
then  be  upset  in  the  form  of  a cone,  upon  a lump  of  dry  plaster. 
The  potato-starch  being  heavier  than  that  of  wheat,  forms  the 
apex  of  the  cone;  its  thickness,  or  depth,  and  consequently  its 
quantity,  may  be  estimated  by  solution  of  iodine,  in  the  following 
manner : — The  operator  cuts  from  the  apex  of  the  little  cone 
above-mentioned  a slice,  which  he  triturates  only  for  a short 
time  in  an  agate  mortar  (one  of  glass,  or  porcelain,  or  Wedge- 
wood,  will  not  do),  and  he  tests  that  with  solution  of  iodine.  If 
it  turn  blue,  it  is  fecula.  Another  slice  is  treated  in  the  same 
manner,  until  the  operator  comes  to  the  wheat-starch,  which,  in 
the  present  instance,  will  not  be  affected  by  the  aqueous  solution 
of  iodine.  This  difference  of  behaviour  of  the  two  species  of 
starch  with  iodine  is  due  to  the  friction  of  the  pestle  and  mortar, 
which  is  sufficient  to  divide  or  tear  the  envelopes  of  the  particles 
of  the  potato- starch,  which  then  become  blue,  when  treated  by 
solution  of  iodine.  The  particles  of  wheat-starch,  on  the  con- 
trary, are  not  disaggregated  by  that  treatment,  and  being  there- 
fore protected  by  tbeir  envelope,  are  not  acted  upon  by  solution 
of  iodine,  or  assume  only  a brown  tinge. 

Hot  water,  or  heat  in  any  way,  must  not  be  employed  in  that 
experiment,  for  it  would  burst  the  envelope  containing  the  starch 
of  the  wheat,  which  would  in  that  case  be  coloured  blue  also  by 
solution  of  iodine,  and  therefore  spoil  the  experiment.  For  the 
same  reason,  the  cone  of  starch  must  be  left  to  dry  spontaneously, 
and  not  by  applying  heat ; neither  should  trituration  be  continued 
too  long.  The  asperities  of  a Wedgewood  mortar  would  tear  the 
globules  of  starch,  and  produce  the  same  effect  as  heat ; one  of 
glass,  or  of  glazed  porcelain,  would  altogether  fail  in  dividing 
them,  and  in  that  case  potato-starch  would  simulate  wheat- 
starch.  The  number  of  slices  which  have  been  coloured  blue  by 
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iodine,  corresponding  to  the  graduations  of  the  glass  measure, 
indicate  at  once  the  relative  proportion  of  the  potato-flour. 

When  flour  is  adulterated  with  maize , or  Indian  corn-flour,  or 
with  ground  rice , the  best  method  of  detecting  it  is  by  the  micro- 
scope. The  suspected  flour  should  first  be  washed  under  a thin 
streamlet  of  water,  or  in  a basin  half  filled  with  water,  in  order 
to  separate  the  gluten ; and  a portion  of  the  starch  which  deposits 
being  examined  before  the  microscope,  or  with  a magnifying-glass, 
fragments  of  an  angular  shape  and  semi-transparent  will  be 
observed,  if  maize  or  rice  is  present.  Bread  made  with  flour  con- 
taining a certain  quantity  of  these  substances  feels  harsh  and  dry ; 
and  if  the  proportion  of  Indian  corn  is  at  all  considerable,  the  flour 
has  a yellow  appearance,  it  feels  coarse,  and  has  moreover  a 
peculiar  sweet  and  caky  flavour. 

When  wheat-flour  has  been  mixed  with  bean- flour,  the  meal 
has  a yellowish  appearance,  feels  soft,  and  has  a peculiar  bitter  or 
acrid  flavour  of  beans. 

To  detect  the  presence  of  bean-Jiour , Mr.  Rodriguez  proposed 
the  following  method,  which  is  accurate.  It  consists  in  sub- 
mitting the  suspected  flour  to  dry  distillation  in  a stone  retort,  and 
collecting  the  distillate  in  a vessel  containing  water,  which  will  be 
found  to  have  acquired  an  alkaline  reaction.  If,  on  the  contrary, 
the  wheat-flour  is  pure,  the  water  in  which  the  distillate  will  have 
condensed  will  remain  perfectly  neutral.  This  alkaline  reaction 
takes  place  when  beans,  pulse,  or  pea-meal  has  been  added  to 
wheat-flour. 

Another  process  is  the  following  : — 

Take  of  the  flour  under  examination  300  grains. 

,,  Sand  .....  300  ,, 

„ Water  ....  2 ounces. 

Triturate  the  flour  and  the  sand  strongly  for  about  five  minutes 
in  a Wedgewood  mortar,  and  add  the  water  gradually  by  small 
portions  at  a time,  so  as  to  form  a homogeneous  paste,  which 
should  then  be  diluted  with  the  remainder  of  the  water.  On 
filtering,  it  will  be  observed  that  the  flour  which  contains  bean- 
flour  filters  much  more  slowly,  and  remains  milky.  A portion  of 
the  filtrate  should  then  be  mixed  with  its  own  bulk  of  solution  of 
iodine,  prepared  expressly  for  the  experiment,  exactly  as  was 
described  before  in  speaking  of  potato-flour. 

The  liquor  filtered  from  pure  wheat-flour,  being  tested  by  the 
solution  of  iodine  as  above  directed,  assumes  a deep  pink  colour,  but 
that  which  contains  bean-flour  has  a pink  colour  of  a lighter  hue, 
and  is  more  permanent  than  the  other. 
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Detection  and  Determination  of  Chalk  in  Flour. — A given  weight 
of  the  flour— for  example,  500  grains— are  to  be  mixed  with  about 
2,000  grains-measure  of  pure  distilled  water,  and  hydrochloric  acid 
is  added.  If  the  flour  contain  chalk  in  the  proportion  of  1 1 or  2 
per  cent,  or  more,  an  effervescence  will  be  observed,  owing  to  the 
disengagement  of  carbonic  acid.  The  mass  is  then  thrown  on  a 
filter,  the  filtrate  is  exactly  neutralised  by  ammonia,  and  tested 
with  oxalate  of  ammonium,  which  will  then  produce  a precipitate 
of  oxalate  of  calcium.  The  liquor  is  left  at  rest  for  a few  hours, 
in  order  that  the  precipitate  may  settle  well;  it  is  then  collected 
on  a filter,  washed,  carefully  dried,  and  ignited.  Ignition  converts 
it  into  carbonate  of  calcium  (chalk),  in  which  state  it  is  weighed, 
or  it  may  be  converted  into  sulphate  of  calcium  as  directed  in 
p.  162. 

Bread  made  with  flour  containing  more  than  4 per  cent,  of 
chalk  is  spotted  here  and  there  with  white  marks,  which  are  due 
to  an  agglomeration  of  small  quantities  of  carbonate  of  calcium. 

Pure  flour,  of  course,  does  not  effervesce  by  treatment  with 
hydrochloric  acid. 

The  following  process  may  serve  to  detect  sophistications  with 
earthy  or  such  like  mattei’s.  A portion  of  the  suspected  flour — 200 
grains  for  example — is  first  well  dried,  incinerated,  and  then 
weighed.  The  residiuum  from  pure  flour  should  not  exceed  from 
8 to  9 per  cent.  If  more  than  thi3,  the  flour  may  be  looked 
upon  as  adulterated. 

The  presence  of  alum  in  flour  is  detected  exactly  as  in  bread. 
(See  the  article  on  Bread.) 

The  physical  characteristics  of  wheat-flour  of  good  quality  are 
the  following : It  has  a dull  white  colour,  somewhat  inclining  to 

yellow  ; it  should  exhibit  to  the  eye  no  trace  of  bran,  even  when 
piessed  smooth  either  with  the  hand  or  with  a polished  surface. 

It  should  have  a homogeneous  appearance,  and  not  lose  more  than 
from  6 to  12  per  cent,  after  drying  it  in  a stove.  The  less  it  loses 
by  drying  the  better  it  is. 

FLOWERS  Or  BENZOIN,  See  BENZOIC  AcID. 

FLOWERS  OF  ZINC.  See  OXIDE  OE  ZlNC. 

trankincense.  See  Benzoin. 

FUMING  SULPHURIC  ACID.  See  SULPHURIC  ACID  OP 
INoRD  HAUSEN. 

GALENA  (sulphide  of  X.ead). — The  ore  from  which  lead 
Ts  principally  obtained  is  galena,  or  sulphide  of  lead.  Galena 
ordinarily  contains  silver ; the  whole  of  the  precious  metal  passes 
into  the  lead,  from  which  it  is  separated  afterwards,  in  the  large 
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way,  by  Mr.  Pattinson’s  process,  namely,  by  crystallization  and 
cupellation.  The  other  substances  most  generally  mixed  with 
galena  are  quartz,  sulphate  of  barium,  iron,  or  arsenical  pyrites,  and 
blende  (sulphide  of  zinc). 

The  proportions  of  lead  and  of  silver  contained  in  galena  may 
be  determined  in  the  wet  and  in  the  dry  way;  but  the  former 
seldom  gives  accurate  results,  is  more  tedious,  and  if  the  quantity 
of  silver  in  the  lead  obtained  is  excessvelv  minute,  its  estimation 
in  the  wet  way  cannot  be  at  all  relied  upon. 

Determination  of  the  Amount  of  Lead  contained  in  Galena  in  the 
Dry  Way. — For  such  an  analysis  the  operator  must  be  provided  with 
a good  air-furnace,  which  should  be  charged  with  colie,  and  lighted. 
When  it  is  brought  to  as  high  a temperature  as  possible,  a conical 
wrought-iron  crucible  should  be  plunged  in  the  middle 
of  the  coke.  The  crucible,  (Fig.  19)  generally  employed 
is  4 inches  high,  2 inches  wide,  and  very  thick  at  the 
bottom,  as  represented  in  the  figure  in  the  margin. 
The  galena  must  be  pulverized  very  carefully,  for 
otherwise  it  will  decrepitate  under  the  first  impression 
of  the  heat.  When  the  crucible  has  attained  a dark 
red  heat,  1,000  grains  of  the  pulverized  galena  are 
introduced  into  it ; and  when  the  mass  of  the  pul- 
verized ore  has  attained  the  temperature  of  the  cru- 
cible, and  therefore  before  it  (the  galena)  has  entered  into  fusion, 
the  operator  takes  a stout  iron  wire  or  rod,  about  the  size  of  a 
quill,  and  about  3 feet  long,  flattened  at  one  end,  so  as  to  form  a 
little  spatula,  which  should  always  be  kept  in  a perfectly  clean 
state,  and  by  means  of  which  he  gently  stirs  the  mass  in  the  cru- 
cible in  order  to  expose  all  its  surfaces  to  the  action  of  the  air  for 
the  purpose  of  roasting  it,  taking  care,  however,  that  the  spatula 
does  not  become  red  hot,  for  in  that  case  some  of  the  galena  would 
permanently  adhere  to  it,  and  some  of  the  lead  would  be  reduced ; 
to  prevent  this  the  spatula  should  be  withdrawn  from  time  to 
time,  to  allow  it  to  cool,  should  it  become  too  hot.  This  precaution, 
however,  is  almost  superfluous,  since  the  roasting  is  almost  com- 
pleted in  one  minute.  Even  though  the  spatula  has  not  become 
red  hot,  a portion  of  galena  is  always  found  adhering  to  it,  but  it 
does  not  hold  fast,  and  may  be  easily  detached  by  scraping  it 
with  a knife  ; and  should  a small  portion  be  still  adhering  to  the 
edge  of  the  spatula,  which  is  generally  the  case,  it  may  be  readily 
removed  by  holding  the  spatula  in  a vertical  position,  moving  it 
backwards  and  forwards,  whilst  pressing  strongly  enough  on  its 
edge  to  break  and  detach  the  said  portions.  All  these  little  frag- 
ments must  of  course  be  returned  to  the  crucible,  which  should 
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then  be  kept  covered,  and  the  whole  mass  is  allowed  to  attain  a 
cherry-red  heat,  when  two  large  spoonfuls  of  the  flux,  described 
afterwards,  must  then  be  thrown  into  the  crucible,  which  must 
now  be  brought  to  a full  white  heat.  This  will  take  about  twelve 
or  fifteen  minutes.  A piece  of  green  wood,  about  three-quarters 
of  an  inch  in  diameter,  should  be  plunged  in  the  crucible,  its 
sides  rubbed  and  scraped  with  it  so  as  to  detach  the  small  par- 
ticles which  are  adhering  to  them,  so  that  these  small  particles 
may  be  sunk  into  the  mass  now  in  fusion.  The  fused  scories  should 
also  be  slightly  stirred  with  the  piece  of  green  wood,  in  order  to 
precipitate  ^any  particle  of  lead  which  they  might  retain.  The 
piece  of  wood  should  be  kept  moist,  in  order  to  prevent  the  scoriae 
from  adhering  to  it.  The  crucible  is  then  to  be  covered,  and  left 
in  the  fire  for  about  two  minutes  longer,  the  fused  mass  being 
kept  in  full  liquidity  during  that  time.  The  crucible  is  then  with- 
drawn from  the  fire  by  seizing  it  with  a pair  of  crucible  tongs, 
the  branches  of  which  are  horizontal,  and  the  contents  thereof 
are  poured  into  an  ingot  mould  of  brass,  Fig.  19*,  in  the  fol- 
lowing mannner: — the  cru- 
cible is  brought  with  the 
tongs  on  the  edge  of  the  ingot 
mould,  the  tongs  resting  firmly 
on  the  said  ingot  mould ; it  is 
then  gently  tilted,  and  the 
scoriae  are  carefully  poured  into  one  of  the  recesses  of  the  ingot 
mould,  until,  in  so  doing,  the  operator  begins  to  see  the  melted 
lead  in  the  crucible.  He  then  rakes  up  carefully  the  scoriae  which 
still  remain  in  the  crucible,  pushing  and  pressing  them  alternately 
on  each  side  until  they  have  become  sufficiently  stiff  by  cooling  to 
allow  of  the  molten  lead  being  poured  separately  in  the  other 
recess  of  the  ingot  mould. 

In  order  to  be  certain  that  the  scoriae  in  the  first  recess  retain 
no  lead,  the  whole  mass  of  the  scoriae  is  returned  into  the  iron 
crucible,  which  is  then  carefully  scraped  with  the  spatula  of  the 
stout  iron  wire  above  described,  in  order  to  collect  all  the  particles 
which  may  be  adhering  to  it.  The  operator  then  adds  about  half 
a spoonful  more  of  flux,  and  the  whole  is  replaced  in  the  fire. 
When  the  mass  is  perfectly  fused,  which  should  be  done  as  rapidly 
as  possible,  the  crucible  is  again  cleansed  with  the  piece  of  green 
wood,  and  the  whole  is  at  once  poured,  scories  and  all,  into  one  of 
the  empty  recesses ; the  molten  lead  percolates  and  collects  at  the 
bottom. 

When  the  scoriae  contain  a certain  quantity  of  lead,  they,  in 
cooling,  contract,  and  a portion  of  the  metal  might  thus  be  pro- 


172 


GALENA. 


jectecl  and  lost.  In  order  to  avoid  this  accident,  no  sooner  is  the 
fused  mass  poured  into  the  ingot  mould  than  it  must  be  imme- 
diately turned  upside  down  ; the  lead,  by  coming  in  contact  with 
the  cold  mass  of  brass  of  the  ingot  mould,  is  at  once  solidified,  and 
by  upsetting  immediately  the  ingot  mould,  it  has  no  time  to  be 
refused  by  the  hot  scories  from  which  it  is  thus  cleanly  separated. 
The  little  button  of  lead  thus  obtained  is  flattened  with  a hammer 
in  order  to  eliminate  the  film  of  scoriae  which  covers  its  surface,  it 
is  added  to  the  rest  of  the  lead  obtained  before,  and  the  whole  of 
the  lead  is  then  weighed. 

The  flux  employed  consists  of  three  parts  of  red  argol,  two 
parts  of  nitre,  one  part  of  borax,  half  part  of  fluor  spar.  The 
whole  must  be  well  pulverized  and  thoroughly  mixed. 

When  the  ore  of  lead  is  refractory,  a small  quantity  of  potash 
(about  a spoonful)  should  be  added  for  each  1000  grains  of  ore, 
and  the  roasting  may  then  be  dispensed  with. 

In  this  experiment  a very  high  temperature  is  always  required, 
because  in  that  case  the  iron  crucible  lasts  longer,  since  it  needs 
not  be  left  so  long  in  the  fire  as  would  otherwise  be  necessary ; 
and,  moreover,  if  the  temperature  was  not  very  high,  a large 
quantity  of  oxide  of  iron  mixing  with  the  mass  would  render  it 
very  infusible,  and  the  operation  would  be  spoiled. 

In  order  to  estimate  the  quantity  of  silver  contained  in  the 
lead  thus  obtained,  500  grains  of  it  are  placed  in  a dry  cupel  of 
bone-ash,  and  placed  in  the  cupelling  furnace,  as  described  in  the 
article  on  Silver.  The  metallic  button  of  pure  silver  left  on  the 
cupel  is  then  detached  and  weighed. 

Assay  of  Galena  in  the  Wet  Way. — Treat  the  pulverized  mineral 
with  concentrated  nitric  acid  ; evaporate  to  dryness  with  a small 
excess  of  sulphuric  acid  5 treat  the  dry  mass  with  water,  which 
dissolves  out  all  the  sulphates  but  that  of  lead.  Tin,  antimony, 
quartz , and  sulphate  of  barium  would,  if  present,  be  left  in  the  in- 
soluble portion.  Collect  and  weigh  the  insoluble  portion  ; digest 
it  repeatedly  with  acetate  of  ammonium  (sp.  gr.  i'o65),  wash,  dry, 
and  weigh.  The  difference  indicates  the  amount  of  sulphide  of 
lead.  The  lead  may  be  precipitated  from  its  solution  in  acetate 
of  ammonia  by  sulphide  of  ammonium,  and  the  sulphide  of  lead 
may  be  oxidized  into  sulphate  by  nitric  and  sulphuric  acids. 

Store's  Method. — Weigh  out  2 or  3 grammes  or  more  of  the 
finely-powdered  mineral.  Place  the  powder  in  a tall  beaker, 
together  with  a smooth  lump  of  pure  metallic  zinc  about  an  inch 
in  diameter,  and  a quarter  of  an  inch  thick.  Pour  upon  the  mixed 
mineral  and  metal  100  or  150  c.c.  of  warm  hydrochloric  acid, 

1 part  commercial  acid  and  4 parts  water,  and  cover  with  a glass 
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plate.  Allow  the  action  to  go  on  for  twenty  minutes,  stirring 
from  time  to  time  with  a glass  rod.  When  the  liquid  has  become 
clear,  throw  it  on  a smooth  filter  on  which  a small  piece  of  metallic 
zinc  has  been  placed.  Wash  the  lead  and  zinc  in  the  beaker  as 
quickly  as  possible  with  hot  water  by  decantation,  until  the  liquid 
from  the  filter  ceases  to  give  an  acid  reaction  with  litmus-paper ; 
then  transfer  the  lead  from  the  beaker  to  a weighed  porcelain 
crucible.  In  order  to  remove  any  portions  of  lead  which  adhere 
to  the  lump  of  zinc,  the  latter  may  be  rubbed  gently  with  a glass 
rod.  Wash  out  the  filter  into  an  evaporating-dish,  remove  the 
fragment  ofzinc,  and  add  the  particles  of  lead  thus  collected  to 
the  contents  of  the  crucible.  Finally,  dry  the  lead  at  a moderate 
heat  in  a current  of  ordinary  coal-gas,  and  weigh. 

If  the  mineral  to  be  analyzed  be  contaminated  with  a siliceous 
or  other  insoluble  gangue,  the  metallic  lead  may  be  dissolved  in 
dilute  nitric  acid  after  weighing,  and  the  insoluble  impurity  col- 
lected and  weighed  by  itself.  In  the  case  of  galenas  which  con- 
tain silver,  antimony , copper,  or  other  metals  precipitable  by  zinc, 
the  proportion  of  each  metal  must  be  determined  by  assay  or 
analysis  in  the  usual  way,  after  the  total  weights  of  the  pre- 
cipitated metals  have  been  taken. 

GA.X1X.S  (Gall  Nuts). — Galls  are  excrescences  produced  by 
the  puncture  of  a small  insect  on  the  shoots  and  leaves  of  plants, 
and  trees  of  various  kinds,  for  the  purpose  of  depositing  its  eggs. 
The  best  galls  are  those  found  on  a species  of  oak  ( Quercus  in- 
fectona ) in  Asia  Minor,  Syria,  Persia,  and  other  places ; the  best 
being  those  of  Aleppo,  which  are  tubercular  and  almost  prickly 
on  the  surface,  their  size  varying  from  that  of  a pea  to  that  of  a 
large  filbert.  The  best  are  small,  heavy,  hard,  brittle,  and  of  a 
bluish  colour;  they  are  called  blue  galls. 

The  green  galls  which,  like  the  blue,  are  galls  from  which  the 
insect  has  not  escaped,  are  nearly  as  good  as  the  blue  galls;  both 
are  about  one-third  more  effective  than  the  white  galls,  which  are 
the  nuts  gathered  after  the  insect  has  escaped  by  eating  its 
way  out. 

White  galls  are  of  a yellowish  colour,  perforated,  light,  and 
much  less  valuable. 

The  only  fraud  to  which  this  important  article  is  subject  con- 
sists in  dyeing  the  white  galls,  so  as  to  simulate  the  colour  of  the 
blue  galls,  pass  them  off  as  such,  and  consequently  obtain  a higher 
price. 

This  sophistication,  however,  may  be  readily  detected  by  the 
most  casual  observation,  since  all  white  galls  are  perforated*  and 
much  lighter  than  the  blue  or  green  galls;  they  are  also  much 
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more  easily  broken,  and  they  are  then  found  to  be  hollow,  the 
inside  being  full  of  a dry  white  powder,  instead  of  being  hard  and 
compact,  as  is  the  case  with  the  genuine  blue  and  green  galls. 
According  to  Sir  H.  Davy,  500  parts  of  galls  contain — of  tannin 
130  parts,  of  gallic  acid  31,  of  mucilage  12,  and  of  saline  matter 
12,  the  remainder  consisting  of  woody  matter.  The  active  prin- 
ciples of  galls  are  taken  up  by  water  and  by  alcohol. 

GARA7TCINE  (Alizarine).  See  MADDER. 

GERMAN  SILVER  (Packfong,  White  Copper,  Electrum, 
Tutenag,  Albata,  Maillechor,  Argentan,  Tombac,  Amal- 
gamated Silver). — These  alloys  consist  of  nickel,  copper,  and 
zinc,  in  various  proportions,  with  sometimes  a little  lead  and  iron. 
See  the  following  Table : — 


Good 

Maille- 

c^or 

Argen- 

tan 

Ordinary 

Electrum 

Tutenag 

Paek- 

fong 

For 

Casting 

Tombac 

Nickel . 
Zinc  . 
Copper. 
Iron  . 
Lead  . 
Arsenic 

25 

25 

50 

ji 

>> 

23  '8 
18-9 
59 '3 

tt 
t t 
t t 

20’68 
24'i3 
55^9 
1 1 
t t 
1 1 

29 'O 
19-4 
5i '6 

ft 
1 1 
1 1 

34 -4 
19-9 

457 

t f 
t f 
t t 

27 ‘i5 

27 ’OO 

45 '85 
1 1 
1 1 
1 1 

IS'O 

25-0 
57 '4 
9'° 

» 1 
1 1 

31  "6 
25 ’4 
40-4 
2’6 
1 1 
f t 

23-I4 
i8’52 
55 ‘55 

ft 

2-83 

) t 

97 

2 

1 1 
1 1 
1 1 
1 

• ’ 

IOO 

IOO’O 

lOO'OO 

OO'O 

100*0 

IOO’OO 

100*0 

IOO’O 

IOO’OO 

100 

The  solder  used  for  German  silver  consists  of  five  parts  of 
German  silver  and  four  parts  of  zinc.  The  alloy,  when  melted,  is 
run  into  thin  flakes,  and  then  reduced  to  powder. 

Under  the  name  of  amalgamated  silver  plate,  forks,  spoons,  and 
other  similar  articles  have  lately  been  offered  for  sale.  These 
utensils  look  certainly  more  beautiful  than  the  common  German 
silver,  but  instead  of  consisting  of  an  alloy  of  pure  silver,  with  a 
new  white  metal,  as  represented  in  the  prospectus  of  the  seller, 
and  thus  accounting  for  the  high  price  of  his  wares,  the  alloy  is 
nothing  else  than  very  common  German  silver,  upon  which  a film 
of  silver  has  been  deposited  by  galvanic  agency. 

Analysis  of  German  Silver. — Take  50  grains  of  the  alloy  and 
dissolve  them  in  pure  nitric  acid  (diluted).  The  solution  being 
completed,  and  the  excess  of  acid  eliminated  by  evaporation, 
dilute  the  solution  with  a large  proportion  of  water. 

Observe  that,  whilst  dissolving,  the  German  silver,  if  plated 
with  silver,  will  be  unequally  attacked,  and  the  acid  will  dissolve 
the  alloy  more  rapidly  underneath,  leaving  the  silver  in  a thin 
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shell  before  the  whole  has  dissolved.  The  operator  should  then 
examine  this  silver  shell,  and  if  it  have  a polished  surface  on  both 
sides,  the  silver  has  been  deposited  by  galvanic  action  ; in  the 
contrary  case,  the  article  examined  has  been  plated  in  the  usual 
way.  This  having  been  ascertained,  and  the  whole  having  been 
dissolved,  hydrochloric  acid  is  added  to  the  solution,  in  order 
to  precipitate  the  silver,  and  the  whole  is  moderately  heated, 
in  order  to  agglomerate  the  precipitated  chloride  of  silver  pro- 
duced ; it  is  then  collected  upon  a filter,  as  small  as  possible, 
washed,  dried  ^with  care,  and  ignited  in  a small  porcelain  crucible, 
the  filter  being  burnt  separately  upon  the  cover  of  the  crucible 
with  which  the  latter  is  subsequently  to  be  closed.  After  fusion 
and  cooling,  the  chloride  of  silver  is  weighed;  143.5  grains  of 
chloride . of  silver  represent  108  of  silver;  or,  each  grain  of  chlo- 
ride of  silver  contains  07526  of  silver. 

The  proportion  of  silver  may  also  be  determined  by  measure 
that  is,  by  means  of  a test  solution  of  hydrochloric  acid  of  a 
known  strength.  (See  Assay  of  Silver.) 

The  liquid  filtered  from  the  chloride  of  silver  produced  should 
next  be  treated  by  sulphuretted  hydrogen,  a stream  of  which 
should  be  passed  through  the  liquor  until  it  smells  strongly  of 
the  gas.  The  black  precipitate  produced  is  separated  by  filtering 
washed,  and  digested  in  strong  nitric  acid  ; sulphuric  acid  is  the°n 
added  to  the  solution,  which  will  precipitate  the  lead,  if  this 
metal  be  present.  Supposing  this  to  be  the  case,  the  whole 
should  be  evaporated  to  dryness,  and  a stronger  heat  applied 
towards  the  end,  in  order  to  evaporate  the  excess  of  sulphuric 
acid  employed.  The  dry  mass  is  now  treated  by  water,  which 
will  leave  the  sulphate  of  lead  in  an  insoluble  state ; it  is  then 
collected  on  a filter,  washed,  dried,  slightly  ignited  in  a porcelain 
' crucible,  and  weighed.  152  grains  of  sulphate  of  lead  contain 
104  of  lead;  or,  each  grain  of  sulphate  of  lead  contains  o7'*c6'i 
, grains  of  lead.  J 


To  the  liquor  filtered  from  the  sulphate  of  lead— or,  if  that 
: metal  be  absent,  to  the  nitric  acid  solution  of  the  sulphide  pro- 
educed  by  sulphuretted  hydrogen— potash  is  now  added,  which  will 
(precipitate  the  copper  in  the  state  of  protoxide  of  copper;  the 
whole  is  boiled,  the  precipitate  oxide  of  copper  is  collected  on  a 
t filter,  washed  with  hot  water,  dried,  ignited,  and  weighed  im- 
mediately after  cooling,  the  crucible  being  kept  well  closed,  in 
order  to  avoid  absorption  of  moisture.  3975  grains  of  protoxide 
•of  copper  contain  3175  of  copper;  or,  each  grain  of  protoxide 
of  copper  contains  07987  of  copper. 

The  liquor  which  was  filtered  from  the  precipitate  produced 
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by  sulphuretted  hydrogen  should  now  be  boiled,  to  expel  the 
sulphuretted  hydrogen ; and  when  all  odour  of  the  gas  has 
vanished,  carbonate  of  sodium  is  poured  into  the  liquor,  and  the 
whole  is  boiled  for  a few  minutes,  by  which  means  the  zinc  and 
the  nickel  are  thrown  down.  The  precipitate  should  be  collected 
on  a filter  and  dissolved  in  acetic  acid,  which  converts  the  nickel 
and  the  zinc  into  acetates  of  these  metals.  The  solution  should 
contain  an  access  of  acetic  acid.  A current  of  sulphuretted 
hydrogen  being  now  passed  through  the  solution,  the  zinc  will  be 
precipitated  in  the  state  of  sulphide  of  zinc,  whilst  the  nickel 
will  remain  in  solution.  The  precipitated  sulphide  of  zinc  is 
then  separated  by  filtering,  washed,  and  redissolved  in  hydro- 
chloric acid,  from  which  it  is  finally  reprecipitated  as  carbonate 
of  zinc,  by  a solution  of  carbonate  of  sodium.  This  precipitate  is 
then  collected  on  a filter,  washed,  dried,  and  ignited.  Ignition 
converts  it  into  oxide  of  zinc,  in  which  state  it  is  weighed.  4°'75 
grains  of  oxide  of  zinc  contain  3275  of  zinc,  or  one  grain  of 

oxide  of  zinc  contains  0-8027  of  zinc. 

The  liquor  filtered  from  the  precipitated  sulphide  of  zinc  con- 
tains the  nickel,  a portion  of  which  metal  is  retained  also  in  that 
from  which  both  the  zinc  and  nickel  were  precipitated  by  car- 
bonate of  sodium,  as  described  in  the  preceding  paragraph.  The 
two  liquors  should  therefore  be  mixed,  and  the  whole  of  the 
nickel  contained  therein  should  then  be  precipitated  by  means  of 
a solution  of  caustic  potash,  which  produces  a bulky  apple-green 
precipitate  of  hydrate  of  protoxide  of  nickel.  The  whole  should 
be  heated,  and  the  precipitate  is  then  collected  on  a filter,  washed 
with  boiling  water,  dried,  ignited,  and  weighed.  37'5  grains  of 
oxide  of  nickel  contain  28  of  nickel,  or  one  grain  of  oxide  of 
nickel  contains  07837  nickel. 

GIN.  See  Bbandy. 

Gl>iiSS. Glass  is  the  generic  name  of  the  combination  ot 

silicate  of  potassium  with  one  or  more  of  the  following  silicates: 
namely,  silicate  of  calcium,  of  magnesium,  of  aluminum,  of  barium 
of  iron.  But,  besides  these,  several  other  ingredients  are  intro- 
duced ; that  in  which  silicate  of  calcium  is  replaced  by  silicate  of 

lead  is  called  crystal.  . , ,,  , . 

The  specific  gravity  of  glass  varies  according  to  the  substance 

of  which  it  is  composed.  . , - 

BohemianrgMSS  is  a double  silicate  of  potassium,  and  of  calcium 
or  aluminium.  Its  specific  gravity  is  2-396.  Its  constituents  are 

Silica 71  6 

T ...  XO-O 


GLASS. 


1 77 


Potash  . 

Magnesia 
Alumina 
Oxide  of  iron  . 
Oxide  of  manganese 


. iro 

. 2-3 

. . . 2’2 

• 3'9 

. . . 0'2 


Bohemian-glass-  is  colourless,  light,  and,  owing  to  the  large 
proportion  of  silica  which  it  contains,  is  extremely  difficult  to 
fuse ; on  which  account  it  is  preferable  to  any  other  kind  of  glass 
for  certain  purposes,  particularly  for  chemical  operations. 

It  is  also  Jlie  only  glass  that  can  be  stained  red,  for  when  the 
process  of  staining  in  that  colour  is  attempted  with  any  other,  the 
glass  softens  long  before  the  metallic  oxide  employed  to  produce 
the  red  stain  has  been  brought  to  the  fusing  point.  The 
ingredients  for  the  manufacture  of  Bohemian-glass  are  employed, 
it  is  said,  in  the  following  proportions  : — 


Quartz  (hyalin)  heated  to  redness,  then 
quenched  in  cold  water,  and  finely 
pulverized  . . . . . . .100  parts 

Calcined  purified  pearlash,  of  best  quality  . 50  to  60  ,, 

Calcined  lime 1 5 to  20  ,. 

Arsenious  acid  . . . . . . 5-  to  £ part. 

Nitre 1 „ 


Crown-glass  is  also  a silicate  of  potassium  and  of  calcium, 
chiefly  employed  for  the  preparation  of  optical  instruments,  but 
likewise  for  best  window-glass. 

The  specific  gravity  of  crown-glass  is  2-487,  and  its  con- 
stituents are  as  follows  : — 


Silica 
Lime 
Potash  . 
Alumina . 


62-8 

12-5 

22T 

2-6 


I OO'O 


Crown  glass  should  be  perfectly  clear,  free  from  streaks  or 
bubbles,  and  colourless.  The  proportions  of  the  above  ingredients 
used  for  making  the  best  crown-glass  are  the  following : — 

Purified  pearlash  . . . .250 

Fine  sand 300 

Lime 33 

Window-glass  is  generally  a double  silicate  of  sodium  and  of 
calcium,  the  soda  being  obtained  from  a mixture  of  sulphate  of 
sodium  and  of  charcoal,  in  the  proportion  of  three  parts  of  the 
' N 
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first  and  one  of  the  second.  Its  specific  gravity  is  2-642,  and  its 
composition  is  as  follows  : — 


Silica  . 

• • 

. . 69-65 

Lime 

• • 

• I3-3I 

Soda 

• • 

. . 15-22 

Oxide  of  iron 

• • 

. . 1-82 

100-00 

The  proportions  of  the  substances  employed  for  making  window- 
glass  are  the  following  : — 


Sand  .... 
Dry  sulphate  of  sodium 
Pulverized  charcoal  . 
Slaked  lime 
Collet 


. . ioo  parts 

• • 44  » 

. . 8-5 „ 

. . 6 „ 

. 20  to  ioo  ,, 


Collet  is  old  broken  glass. 

Plate-glass  is  a silicate  of  sodium  and  of  calcium, 
specific  gravity  is  generally  2-488,  and  its  constituents  are  : — 


Silica 
Lime 
Soda 
Alumina . 


• 75'9 

• 3*8 
. 17-5 
. 2-8 


Its 


1 00-0 


Plate-glass  should  be  very  clear,  transparent,  and  free  from 
streaks,  knots,  and  bubbles  ; it  is  obtained  by  fusing  together  the 
following  substances : — 


Very  fine  white  sand 
Dry  carbonate  of  sodium  . 
Lime  slaked  by  exposure 
Collet  .... 


300 ’parts 
100  „ 

43  » 
300  „ 


The  above  proportions  and  ingredients  are  those  used  for  the 
manufacture  of  plate-glass  at  St.  Gobin,  in  France  ; the  materials 
of  English  plate-glass  are  said  to  be — 


Fine  sand  . 

Soda 

Lime 

Manganese 
Cobalt  azure 
Fragments  of  good  glass 


300  lbs. 

200  „ 

30  » 

32  ounces. 

3 „ 

300  lbs. 


Green  bottle-glass  contains  a little  potash  or  soda,  but  the 
proportion  of  lime,  alumina,  and  oxide  of  iron  is  considerable  a 
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little  manganese  is  present.  Its  specific  gravity  is  2-632,  and  its 
constituents  are  as  follows : — 

t 

Silica  , , . . _ 53*55 


Lime 

Potash  and  soda 
Alumina 
Oxide  of  iron 


29-22 

5- 48 

6- or 

5*74 

1 00  00 


. green* colour  of  this  hind  of  glass  is  due  to  the  presence  of 

oxide  of  iron  which  is  reduced  by  the  carbonaceous  matter  of  the 
ingredients,  and  which  forms  a silicate  of  protoxide  of  iron.  The 
brown  colour  of  some  kinds  of  bottle-glass  is  due  to  the  presence 
of  an  intermediary  oxide  of  iron  ; and  that  which  has  a yellowish 
colour,  such  as  the  bottles  in  which  Rhenish  wines  are  contained 
owes  its  colour  to  the  presence  of  peroxide  of  manganese  and  of 
oxide  of  iron. 

The  mixture  employed  for  making  bottle-glass  in  France, 
-Belgium,  and  Germany,  consists  of — 

Yellow  sand  . . . IOO  parts. 

• • . . 30  to  40 

Lexiviated  wood-ashes  160  to  170 
Fresh  wood-ashes  . 30  to  40 

Yellow  clay  . . 80  to  100 

Collet  ....  100 


v 


Crystal  is  a silicate  of  potassium  and  lead,  the  manufacture  of 
which  requires  careful  attention  in  the  choice  and  purity  of  the 
materials,  and  in  their  manipulation.  The  silica  employed  should 
be  as  tree  from  iron  and  organic  subtance  as  possible,  and  it  should 
be  in  very  fine  powder. 

. In  order  to  ascertain  the  purity  of  the  sand  to  be  employed,  it 
* is  best  to  expose  it  to  a high  temperature  in  contact  with  the  air 
during  which  the  iron  which  it  may  contain  becomes  peroxidized* 
and  imparts  a reddish-brown  tinge  to  the  sand.  The  purest  sand 
of  course  is  that  the  colour  of  which  is  least  altered,  but  it  is 
almost  impossible  to  meet  with  sand  which  contains  no  trace  of 

mm,  and  which,  consequently,  remains  unaltered  by  tint 
t treatment.  ' J ac 

The  carbonate  of  potasfium  used  requires,  likewise  to  he 
carefully  purified,  which  is  done  by  dissolving  it  in  water  and 
evaporating,  in  order  to  crystallize  and  separate  the  sulphates  and 
chlorides  which  it  contains;  the  carbonate  of  potassium  remaining 
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in  the  mother- waters  is  recovered  by  evaporating  the  liquor  to 
dryness. 

Carbonate  of  sodium  cannot  be  employed  in  the  manufacture 
of  crystal,  because  it  imparts  to  the  mass  a greenish  tinge, 
however  pure  the  salt  may  be.  This  greenish  colour  is,  in  fact, 
one  of  the  characteristics  of  soda-glass. 

The  lead  employed  for  making  the  red  lead  used  for  the 
manufacture  of  crystal  must  be  of  the  purest  and  best  kind,  for 
the  presence  of  any  other  metal  would  be  sure  to  impart  a tinge 
to  the  crystal.  The  presence  of  oxide  of  copper  is  especially  to 
be  guarded  against.  The  constituents  of  crystal  are — 


Silica 
Lime 
Potash  . 
Oxide  of  lead 


• 56 

. 2'6 
. 8-g 

* 32-5 

IOO’O 


The  proportions  usually  employed  are  the  following: — 

In  glass  pots,  heated  with  coals  and  covered — 

Pure  sand  .....  300  parts. 

Red  lead  .....  200  ,, 

Purified  carbonate  of  potassium  . 90  to  95 

In  glass  pots,  heated  with  charcoal  as  on  the  continent : — 

Pure  sand  .....  300 

Red  lead  .....  200 

Purified  carbonate  of  potassium  . 100 

Fragments  of  good  glass  . . 300 

Oxide  of  manganese  . . . 04.6 

Arsenious  acid  ....  o-6o 

The  two  latter  substances  are  employed  for  the  purpose  of 
oxidizing  certain  impurities,  and  especially  the  iron. 

Flint-glass  contains  more  oxide  of  lead  than  crystal.  Its  sp. 
gr.  is  3-6.  It  should  be  very  homogeneous,  without  bubbles,  and 
colourless.  It  is  employed  in  optics;  lenses  of  flint-glass,  com- 
bined with  those  of  crown-glass,  form  achromatic  lenses. 

The  constituents  of  flint-glass  are  : — 


Silica 

. 

. 42-5 

Lime 

. 

. 0-5 

Potash  . 

. 

. 117 

Alumina . 

. 

. i-8 

Oxide  of  lead  . 

. 43' 5 
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Other  specimens,  according  to  Professor  Faraday,  consist  of—  , 


Silica 

5 1 '93  — 

— 48-24  — 

44-3o 

Oxide  of  lead 

33-28  — 

— 40-12  — 

43-05 

Potash  . 

13-77  — 

— io-6o  — 

— 11-75 

Alumina 

0-47  — 

— 0-58  — 

— 0-50 

Oxides  of  iron,  and  1 

— - 0-08  — 

of  manganese  j 

■ 0-27  — 

— 0-12 

99-72  — 

— 99-62  — 

99-72 

The  proportions  of  the  materials  employed  in  the  manufacture 


of  ilint-glass  are  as  follows : 

Pure  sand 300 

Red  lead 300 

Potash 130 

Nitre 

Arsenious  acid  ....  0-45 

Oxide  of  manganese  . . . o-6o 


Analysis  of  Glass. — Take  100  grains  of  the  glass  previously 
reduced  into  very  fine  powder,  and  mix  carefully  with  about 
400  grains  of  dry  carbonate  of  sodium,  also  in  very  fine  powder  ; 
put  the  mixture  into  a platinum  crucible,  or  capsule,  and  maintain 
it  in  a perfectly  fused  state  for  about  half  an  hour.  When  cold, 
place  the  crucible  containing  the  fused  mass  in  a wide  porcelain 
capsule,  and  carefully  pour  an  excess  of  dilute  hydrochloric  acid 
upon  it,  whereupon  all  the  oxides,  earths,  and  alkalies,  as  well 
as  the  silica,  will  be  dissolved.  Wash  the  crucible  clean  and 
carefully  evaporate  the  whole  of  the  liquor,  with  whatever 
lesiduum  it  may  contain,  to  dryness.  AVhen  dry,  increase  the 
heat  to  above  500°  or  6oo°  Fahr.,  which  will  render  the  silica 
insoluble.  The  dry  residuum  must  now  be  treated  with  acidified 
water,  which  re-dissolves  the  oxides,  but  which  leaves  the  silica  in 
an  insoluble  state.  The  latter  is  collected  on  a filter,  washed, 
dried,  ignited,  and  weighed. 

The  liquor  filtered  from  the  silica  is  then  treated  by  an  excess 
of  solution  of  ammonia,  by  which  the  oxides  of  iron  and  the 
alumina  are  precipitated,  whilst  the  lime  remains  in  solution  in 
the  state  of  chloride  of  calcium.  The  precipitates  of  peroxide  of 
iron  and  of  alumina  are  separated  by  filtering,  and  washed.  This 
being  done,  an  excess  of  solution  of  caustic  potash  is  poured  on 
the  washed  precipitate,  and  the  whole  is  boiled.  The  potash 
dissolves  the  alumina,  hut  leaves  the  peroxide  of  iron  in  an 
insoluble  state ; it  is  collected  on  a filter,  thoroughly  washed  with 
boiling  water,  dried,  ignited,  and  weighed.  The  liquor  filtered 
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from  the  peroxide  of  iron,  and  which  contains  the  alumina  in 
solution  (aluminate  of  potassium)  should  now  be  decomposed  by 
supersaturating  it  with  hydrochloric  acid,  and  carbonate  of 
ammonium  being  poured  into  it,  the  alumina  is  precipitated; 
it  is  then  collected  on  a filter,  washed,  dried,  ignited,  and  weighed. 

The  liquor  which  was  filtered  from  the  precipitate  of  peroxide 
of  iron  and  of  alumina,  produced  by  ammonia,  and  which  contains 
the  chloride  of  calcium  in  solution,  should  now  be  treated  by 
oxalate  of  ammonium,  which  precipitates  the  lime  in  a state  of 
oxalate  of  calcium.  This  precipitate  being  collected  on  a filter, 
washed,  and  ignited,  is  then  weighed  as  carbonate  of  calcium. 
50  grains  of  carbonate  of  calcium  represent  28  of  lime,  or  each 
grain  of  carbonate  of  lime  contains  o'56292  of  lime. 

The  determination  of  the  quantity  of  potash  and  of  soda 
contained  in  glass  is  more  difficult.  The  process  which  gives 
good  results  is  that  by  treatment  with  hydrofluoric  acid. 
Brunner’s  apparatus,  which  obviates  the  necessity  of  the  use  of  a 
platinum  retort,  is  the  most  convenient.  The  operation  should  be 
performed  as  follows : — Take  a fresh  portion  of  the  glass  to  be 
analysed,  previously  reduced  by  levigation  into  exceedingly  fine 
powder,  weigh  off  25  grains  of  it,  put  them  in  a platinum  capsule, 
and  drench  with  water;  take  now  a flat-bottomed  lead  capsule, 
with  a cover  also  of  lead,  about  six  inches  in  diameter,  and  two 
inches  and  a half  high  ; place  in  the  middle  of  it  a small  ring  of 
lead,  which  may  be  easily  made  by  bending  a strip  of  lead  about 
one  inch,  or  an  inch  and  a half  in  diameter,  and  one  inch  and  a 
half  thick  ; pulverized  jiuor  spar  should  then  be  spread  in  the  lead 
capsule,  and  concentrated  sulphuric  acid  being  poured  upon  it,  the 
platinum  capsule  containing  the  pulverized  glass,  moistened  with 
water,  is  immediately  placed  upon  the  ring  of  lead,  and  the 
leaden  cover  is  placed  over  the  whole.  This  being  done,  the  heat 
of  a small  spirit-lamp  is  applied  to  the  lead  capsule ; the  hydro- 
fluoric acid  fumes  evolved  are  absorbed  by  the  water  of  the 
moistened  and  pulverized  glass,  and,  reacting  upon  the  glass, 
liberate  fluoride  of  silicium.  This  experiment  should  be  carried  on 
under  the  hood  of  a chimney  with  a good  draught,  or  in  the  open 
air.  About  two  hours  are  required  to  complete  the  decomposition 
of  the  glass,  during  which  time  the  mass  should  be  now  and  then 
stirred,  and  moistened  with  a little  water.  When  the  decompo- 
sition is  effected,  the  mass  in  the  platinum  capsule  should  be 
treated  with  sulphuric  acid,  and  evaporated  to  dryness;  dilute 
sulphuric  acid  is  then  poured  upon  the  dry  mass ; this  dissolves 
}he  potash,  soda,  alumina,  oxide  of  iron,  and  a trace  of  lime. 
The  solution  being  now  treated  by  carbonate  of  ammonium, 
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aiumnm,  oxide*  of  iron,  and  lime  are  precipitated,  and  separated 
y ering-.  The  liquor  filtered  therefrom  being  evaporated  to 
ryness  and  slightly  ignited,  the  residuum,  which  consists  of 
sulphates  of  potassium  and  of  sodium,  is  weighed,  in  order  to 
obtain  their  collective  weight;  they  are  then  redissolved  bv 
■water,  and  a solution  of  chloride  of  barium  is  poured  in,  which 
converts  the  above  sulphates  into  chlorides,  and  the  white 
precipitate  of  sulphate  of  barium,  produced  by  the  reaction,  is 
separated  by  filtering.  The  filtrate  is  concentrated  by  evapora- 
tion, and  an  Excess  of  solution  of  chloride  of  platinum  is  poured 
mto  it,  which  precipitates  the  potassium  in  the  state  of  double 
chloride  of  potassium  and  platinum ; the  whole  being  carefully 
evaporated  nearly  to  dryness,  alcohol  is  poured  upon  it,  the 
piecipitate  is  collected  on  a filter,  washed  with  weak  alcohol 
carefully  dried  at  212  Fahr.,  and  it  is  then  weighed.  247  grains 
ol  the  double  chloride  of  potassium  and  platinum  represent  47 
grains  ot  potash.  Or  the  following  method  (Lawrence  Smith) 
maybe  employed  :-Mix  intimately  in  a glazed  mortar  one  part 
0 the  finely  pulverized  glass  with  five  or  six  parts  of  carbonate  of 
calcium,  and  half  to  three-fourths  of  pure  chloride  of  ammonium  • 
introduce  the  mixture  into  a platinum  crucible,  and  heat  to  brmhi 
redness  from  thirty  to  forty  minutes.  There  is  no  silicate  which 
after  having  undergone  this  process  is  not  easily  dissolved  by 
hydrochloric  acid.  For  the  action  of  the  lime  to  have  beeJ 
complete,  it  is  not  necessary  that  the  mass  should  have  settled 

in  dfint0  n S10U ' • F"  C°ntentS  °f  the  C1'Ucible  are  ^solved 

n dilute  hydrochloric  acid,  and  the  solution  evaporated  to  dryness  • 

the  operation  may  be  completed  over  a lamp  without  the  dangei 

of  the  sjnttmcj  which  occurs  when  the  fusion  is  made  with  soda. 

bniWl  ^ ma88  ^dr°Clli0nC  acid  is  added’  ^ i8  then  diluted  and 
, w en  cold,  carbonate  of  ammonium  is  slowly  added 
in  excess,  and  the  precipitate  which  occurs  is  filtered  off.  The 
iltrate  contains  chloride  of  ammonium,  chlorides  of  calcium,  and 
perhaps  of  magnesium,  and  the  alkalies  of  the  mineral.  It  is  con- 
centrated by  evaporation,  and  nitric  acid  maybe  added  in  the  pro- 
portion of  about  three  parts  to  only  one  of  chloride  of  ammonium  • 
the  latter  is  completely  decomposed  by  the  nitric  acid  at  a low 
temperature,  into  gaseous  products,  and  much  trouble  is  avoided 
the  evaporation  proceeding  rapidly.  When  dry,  the  residue  is 
dissoived  in  water  lime-water  is  added,  and  the  liquid  is  boiled 
and  filtered,  lo  the  filtrate  a sufficient  quantity  of  carbonate  of 
ammomum  is  added  to  separate  the  lime,  which  is  filtered  off  and 
the  filtrate  is  again  evaporated  to  dryness.  Dilute  sulphuric  add 
is  now  added,  by  which  the  nitric  and  hydrochloric  acids  are 
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expelled,  and  the  alkalies  remain  in  the  form  of  sulphates.  For 
the  conversion  of  the  alkaline  sulphates  into  chlorides,  acetate  of 
lead  is  added  in  slight  excess,  in  order  to  precipitate  the  sulphuric 
acid ; the  sulphate  of  lead  is  filtered  off ; the  lead  is  removed 
from  the  filtrate  by  sulphuretted  hydrogen,  the  sulphide  of  lead  is 
filtered  ofF,  excess  of  hydrochloric  acid  is  added  to  the  filtrate,  by 
which  the  acetates  of  the  alkalies  are  converted  into  chlorides, 
and  the  liquid  is  evaporated  to  dryness.  When  the  object  is  the 
quantitative  estimation  of  the  alkalies  only,  in  the  siliceous 
compound,  the  above  operations  may  be  considerably  curtailed. 
After  the  glass  under  examination  is  perfectly  decomposed  by 
fusion  with  carbonate  of  calcium  and  chloride  of  ammonium,  the 
mass  is  heated  with  water  alone,  until  thoroughly  disintegrated, 
when  it  is  thrown  upon  a filter  and  thoroughly  washed.  The 
filtrate  contains  merely  the  chlorides  of  the  alkalies,  a little  chlo- 
ride of  calcium,  and  caustic  lime.  A small  quantity  of  carbonate 
of  ammonium  is  added  to  precipitate  the  two  latter  substances, 
the  carbonate  of  calcium  is  separated  by  filtration,  the  filtrate 
is  evaporated  and  simply  ignited,  and  the  residue  consists  of  the 
alkalies  in  the  shape  of  chlorides. 

When  the  glass  submitted  to  analysis  contains  oxide  of  lead, 
the  pulverized  mass,  after  fusion  with  carbonate  of  potassium, 
should  be  treated  by  nitric  acid  (instead  of  by  hydrochloric  acid) 
and  evaporated  to  dryness,  exactly  as  before  mentioned,  in  order 
to  render  the  silica  insoluble ; the  mass  is  then  treated  by  water 
and  thrown  on  a filter,  in  order  to  separate  the  silica.  A current 
of  sulphuretted  hydrogen  must  now  be  passed  through  the  liquor, 
filtered  from  the  insoluble  silica,  until  it  smells  strongly  of  the 
gas;  the  black  precipitate' of  sulphide  of  lead,  which  is  thus 
produced,  should  be  collected  on  as  small  a filter  as  possible,  well 
washed  and  dried ; it  should  then  be  put  into  a glass  beaker 
along  with  the  filter,  and  strongly  fuming  nitric  acid  cautiously 
poured  upon  it,  in  small  portions  at  a time,  for  the  action  is 
violent,  and  a portion  of  the  mass  might  otherwise  be  projected  ; 
the  glass  beaker  should  be  kept  covered  with  a capsule  in  order 
to  guard  against  loss.  The  sulphide  of  lead  is  thus  converted 
into  sulphate  of  lead  by  the  oxidizing  action  of  the  nitric  acid, 
and  a few  drops  of  sulphuric  acid  may  further  be  added.  The 
sulphate  of  lead  produced  is  moderately  heated,  until  acid  vapours 
cease  to  be  evolved  : it  is  then  ignited  and  weighed. 

Or  the  sulphide  of  lead  precipitated  may  be  treated  by  con- 
centrated hydrochloric  acid,  wdiich  produces  a disengagement  of 
sulphuretted  hydrogen,  and  the  lead  is  then  in  the  state  of 
chloride.  Nitric  acid  is  then  added,  the  whole  is  evaporated  to 
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dryness,  the  sulphate  of  lead  so  produced  is  ignited  in  a porcelain 
crucible  and  weighed.  152  grains  of  sulphate  of  lead  represent 
104  of  lead. 

CLASS  OF  AN'TIIVXOM'Y.  See  ANTIMONY. 

glue. — Glue  and  size  are  made  from  the  pieces  of  skin  which 
are  cut  off  by  tanners  as  unlit  for  conversion  into  leather,  or  which 
are  too  small  to  be  turned  to  any  other  account.  The  conversion 
of  skins  into  glue  or  size  is  effected  by  boiling  them  in  water,  in 
large  boilers  or»coppers  provided  with  a grating  at  the  bottom,  and 
into  which  the  pieces  of  skin,  enclosed  in  a large  net,  lifted  and 
lowered  down  by  a crane,  are  immersed.  The  conversion  of  skin 
into  glue  is  known  only  as  a fact,  but  is  not  as  yet  well  under- 
stood, for  glue  or  gelatine  does  not  exist  ready  formed  in  the 
animal  tissue. 

In  the  pure  state  glue  is  colourless,  transparent,  hard,  and 
extremely  cohesive;  this  cohesion  or  strength , however,  is  less 
considerable  in  that  which  has  been  obtained  from  bones  and 
cartilage,  the  strongest  being  that  derived  from  skins,  and 
especially  from  ox  and  cow-hides. 

The  glue  of  commerce  has  ordinarily  a yellow  or  brown  colour 
from  the  coagulated  albumen,  and  other  extractive  matter  which 
it  contains. 

When  a concentrated  solution  of  alum  is  mixed  with  melted 
glue,  the  latter  becomes  whiter,  and  it  thickens,  the  tenacity  of 
the  glue  being  thereby  apparently  increased  and  its  colour 
improved,  so  that  glue  made  from  skins  of  an  inferior  quality  may 
thus  compete  to  the  eye  with  that  made  of  the  best  materials. 
Alum,  however,  is  always  added  to  a certain  extent  to  glue,  and 
largely  to  size,  in  order  to  clarify  the  liquor  from  which  these 
substances  are  obtained,  before  they  are  poured  in  the  moulds  or 
into  the  firkins.  Alum  has  also  the  property  of  preventing  the 
size  from  turning  mouldy.  The  addition  is  therefore  so  far  bene- 
ficial, but  it  should  not  be  overdone.  Alum  may  be  estimated  in 
glue,  after  incinerating  it,  in  the  same  way  as  described  in  the 
article  on  Bread. 

A superior  description  of  size  is  employed  by  paper-makers 
and  paper-stainers.  It  is  a colourless  article,  manufactured  from 
hides  which  are  macerated  in  water  to  incipient  putrefaction  ; 
they  are  macerated  in  an  aqueous  solution  of  sulphurous  acid,  and 
then  converted  into  size  in  the  usual  way. 

GOliS. — Analysis  of  Alloys  of  Gold. — Several  methods  are 
employed.  In  the  first  place,  an  approximation  to  the  relative 
proportions  of  the  constituents  is  obtained  by  the  touchstone  and 
the  assay-needle.  The  former  is  a black  and  polished  basalt;  black 
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flint  and  pottery  will  serve  the  same  purpose.  The  assav-needles 
are  small  fillets  of  gold,  alloyed  with  different  and  known  quan- 
tities of  silver  and  copper.  The  sets  may  consist  of  pure  gold  ; 
pure  gold  23J  carats,  with  half  a carat  of  silver;*  23  carats  of 
gold,  with  one  carat  of  silver;  22^  carats  of  gold,  with  1^  carat 
of  silver ; and  so  on,  till  the  silver  amounts  to  four  carats,  after 
whieh  the  additions  may  proceed  by  whole  carats.  Other  needles 
may  be  made  in  the  same  manner,  with  copper  instead  of  silver, 
and  other  sets  may  have  the  addition,  either  of  equal  parts  silver 
and  copper,  or  of  such  proportions  as  the  occasions  of  business 
may  require.  When  a specimen  of  gold  is  about  to  be  examined, 
it  is  rubbed  on  the  touchstone,  and  the  colour  which  it  leaves  is 
compared  with  that  communicated  to  the  stone  by  the  assay- 
needles  taken  successively;  that  which  leaves  a mark  most 
resembling  that  produced  by  the  specimen,  is  in  composition  most 
nearly  allied  to  it,  and,  as  the  composition  of  the  needle  is  known, 
so  the  operator  is  enabled  to  judge  of  the  quantity  of  silver 
necessary  to  be  added  for  the  quartation  proof.  The  alloy  is  next 
cut  into  small  thin  plates,  and  fused  in  the  cupel  (see  Silver ), 
with  3^  times  as  much  pure  silver  as  it  contains  gold,  and  with 
three  or  four  times  its  weight  of  lead.  After  the  operation,  the 
gold  and  the  silver  remain,  the  oxide  of  copper  being  absorbed 
with  the  oxide  of  lead  by  the  cupel.  This  process  is  termed 
quartation,  because  the  gold  forms  one-fourth  part  of  the  cupelled 
alloy,  a proportion  which  admits  of  the  complete  subsequent 
extraction  of  the  silver  by  the  action  of  nitric  acid.  The  alloy  of 
gold  and  silver  is  next  reduced  to  thin  plates,  weighed,  and 
gently  heated  with  nitric  acid,  diluted,  and  quite  free  from 
nitrous  and  hydrochloric  acids;  the  silver  dissolves,  the  gold 
remaining  untouched.  The  acid  being  saturated,  a stronger  acid 
is  added,  and  the  solution  is  gradually  brought  to  boil,  by  which 
the  perfect  separation  of  the  silver  is  accomplished,  the  gold 
retaining  still  the  form  of  the  original  plate.  It  is  therefore  easily 
weighed ; previous  to  which,  however,  it  must  be  washed  with 
distilled  water,  as  long  as  any  traces  of  silver  appear,  by  the  test 
of  common  salt,  and  then  heated  to  redness.  The  loss  which 
the  mass  experiences  by  the  process  of  cupellation  indicates  the 

* In  estimating  or  expressing  the  fineness  of  gold,  the  whole  mass 
spoken  of  is  supposed  to  weigh  24  carats  of  12  grains  each,  either  real,  or 
merely  proportional,  like  the  assayers’  weights  ; and  the  pure  gold  is  called 
fine.  Thus,  if  gold  is  said  to  be  23  carats  fine,  it  is  to  be  understood  that, 
in  a mass  weighing  24  carats,  the  quantity  of  pure  gold  amounts  to  23 
carats. 
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quantity  of  copper  contained  in  the  alloy,  and  the  proportion  of 
silver  is  afterwards  found  by  the  action  of  the  nitric  acid.  It 
must  particularly  be  borne  in  mind  that  if  the  nitric  acid  be  not 
free  from  nitrous  acid,  and  especially  from  hydrochloric  acid,  a 
portion  of  the  gold,  sufficient  to  affect  seriously  the  result  of  the 
assay,  may  be  dissolved. 

Mr.  Makes'  has  drawn  attention  to  the  loss  which  occurs  in 
parting  operations,  and  refining  on  a large  scale,  from  the  solu- 
tion of  gold  in*  nitric  acid,  even  when  quite  free  from  hydro- 
chloric acid,  in  consequence  of  the  formation  of  nitrous  acid. 
When  the  silver  is  present  in  large  quantity,  the  solvent  action 
appears  to  be  restrained  by  electrical  action ; but  as  the  silver 
is  removed,  the  solution  of  the  gold  goes  on  more  rapidly.  The 
cause  of  the  evolution  of  nitrous  acid  is  evident  as  long  as  there 
is  any  silver  present,  and  it  often  results  from  the  use  of  charcoal, 
to  prevent  “ bumping.”  When  charcoal  is  thoroughly  carbonized, 
it  does  not  materially  affect  the  acid,  but  if  it  contain  woody 
matter,  nitrous  acid  is  sure  to  be  set  free. 

Purification  of  Gold  by  Cementation. — The  alloy  is  reduced  to 
a thin  plate,  and  surrounded  in  a crucible  with  a pulverulent  mix- 
ture of  four  parts  of  brick-dust,  one  of  calcined  vitriol,  and  one 
of  common  salt.  It  is  then  exposed  for  sixteen  or  eighteen  hours 
to  a strong  red-heat.  The  vapours  of  hydrochloric  and  sulphuric 
acid  which  are  formed  attack  the  metals  mixed  with  the  gold, 
and  the  mass  is  prevented  from  fusing  by  the  brick-dust.  If  the 
first  cementation  has  not  been  found  sufficient  to  purify  the  gold, 
the  operation  is  repeated,  but  in  the  place  of  common  salt  nitre 
is  used.  The  same  method  is  employed  to  refine  the  surface  of 
gold  articles  after  they  are  polished.  The  cementation  here 
produces  the  same  effect  as  tartar  and  salt,  in  which  silver  goods 
are  boiled  to  give  them  a white  colour. 

Purification  by  Fusion  with  Sulphide  of  Antimony. — Some  borax 
is  fused  in  a crucible,  so  that  the  walls  become  lined  with  the 
vitrified  flux ; a mixture  of  two  parts  of  sulphide  of  antimony  and 
one  of  the  gold  to  be  assayed  is  then  introduced.  The  sulphur 
combines  with  the  foreign  metals,  and  the  antimony  unites  with 
the  gold ; the  alloy  being  removed,  the  scorirn  are  a second  time 
fused,  with  the  addition  of  two  parts  more  of  sulphide  of  anti- 
mony, and,  when  the  whole  of  the  gold  ps  extracted,  the  various 
alloys  are  mixed  together  and  heated  in  an  open  vessel,  with  two 
parts  of  sulphur.  The  sulphide  of  antimony  volatilizes,  leaving 
the  gold ; to  increase  the  action,  a current  of  air  from  a pair  of 
bellows  may  be  directed  on  the  surface  of  the  melted  mass,  or, 
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what  is  perhaps  still  better,  the  mixture  of  the  two  metals  may 
be  fused  in  a large  crucible,  with  three  times  its  weight  of  nitre, 
by  which  the  antimony  becomes  oxidized  and  dispersed,  the  gold 
remaining  untouched.  Another  method  is  to  fuse  the  gold  alloy 
with  a mixture  of  oxide  of  lead  and  sulphur,  and  to  add  to  the 
fused  mass  charcoal  in  the  state  of  fine  powder1;  the  gold  is  thus 
obtained  alloyed  with  the  lead  only,  from  which  it  may  be 
separated  by  cupellation. 

In  this  operation  it  frequently  happens  that  some  of  the  anti- 
mony remains  alloyed  with  the  gold,  a plan  for  removing  which 
has  been  suggested  by  Mr.  Warington  (‘  Jour.  Chem.  Soc.,’ 
vol.  xiii.  p.  33).  It  consists  in  employing  about  10  per  cent,  of 
oxide  of  copper,  and  a small  quantity  of  borax,  with  which  the 
alloyed  gold  must  be  kept  in  a well  fused  state  for  half  an  hour. 
The  result  is  a perfectly  malleable  gold,  containing  a small 
percentage  of  copper,  and  well  fitted  for  the  purpose  of  coinage. 

Estimation  of  Gold  by  Standard  Solutions  (Henry,  ‘ Journ.  de 
Pharm.’  Jan.  1847). — This  process —which  was  devised  by  the 
author  in  consequence  of  the  difficulty  which  he  experienced  in 
appreciating  very  minute  quantities  of  gold,  either  by  weighing 
or  by  cupellation,  in  certain  investigations  in  which  he  was 
engaged  relative  to  the  processes  of  gilding  and  silvering  of 
Elkington  and  Rttolz — is  founded  on  the  principle  that  in  a 
mixture  of  terchloride  of  gold,  a basic  salt,  and  copper — a 
quantity  of  the  latter  metal,  equivalent  to  that  of  the  gold, 
separated  either  in  powder,  or  upon  the  object  to  be  gilt — is 
dissolved.  When  the  amount  of  gold  upon  a gilt  object,  or  in  a 
bath  which  has  been,  or  is  to  be  employed  in  gilding,  has  to  be 
ascertained,  the  following  plan  may  be  adopted: — the  objects, 
weighed,  with  care,  are  digested  with  hot  pure  nitric  acid ; as 
soon  as  the  copper  forming  the  basis  is  dissolved,  the  solution  is 
diluted  with  distilled  water,  and  the  gold  is  soon  seen  to  settle  at 
the  bottom  of  the  vessel  in  small  brilliant  scales.  These  are 
collected,  and,  after  washing,  dissolved  in  aqua  regia ; the  solution 
is  evaporated  with  great  precaution  nearly  to  dryness,  so  as  to 
obtain  a ruby-red  product,  soluble  in  water ; this  is  terchloride  of 
gold  with  a little  acid.  This  product  is  now  dissolved  in  distilled 
water,  and  mixed  with  five  or  six  times  its  weight  of  pure  bicar- 
bonate of  potassium  or  sodium,  dissolved  in  distilled  water ; the 
mixture  is  heated,  conveyed  into  a ground-stoppered  flask,  and  a 
somewhat  large  amount  of  finely  divided  copper,  which  has  been 
previously  heated  in  a current  of  hydrogen,  added  to  it;  the 
mixture  is  now  and  then  shaken,  and  after  about  an  hour  the 
liquid  assayed.  A very  minute  quantity  of  the  liquid  is  poured 
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upon  a watch-glass  and  treated  with  protosulphate  of  iron;  if  the 
liquid  does  not  yield  a black  or  grey  precipitate,  it  is  a sign  that 
it  contains  no  gold  in  solution ; should  the  contrary  occur,  more 
copper  must  be  added,  and  the  liquid  again  agitated.  When  the 
whole  of  the  gold  has  been  precipitated  upon  the  copper,  the 
liquid  is  carefully  saturated  with  pure  sulphuric  acid,  so  as  to  he 
slightly  acid.  By  this  means  all  the  copper  precipitated  in  the 
state  of  carbonate  is  dissolved,  without  the  gold  or  metallic  copper 
being  at  all  aoted  upon.  It  is  filtered,  and  a solution  of  pure 
ferrocyanide  of  potassium  of  known  strength  carefully  added  by 
means  of  a graduated  burette,  until  a precipitate  ceases  to  he 
formed ; the  number  of  divisions  of  the  instrument  employed  to 
precipitate  the  copper  is  noted,  and  in  this  manner  the  quantity 
of  the  metal  dissolved  in  the  liquid  is  ascertained. 

When  it  is  a solution  which  is  to  be,  or  has  been,  used  for 
gilding,  the  author  advises  to  precipitate  the  diluted  acid  solution 
by  a current  of  sulphuretted  hydrogen,  to  collect  the  precipitate 
and  strongly  calcine  it  after  washing.  The  sulphide  of  gold  being 
reduced  to  the  metallic  state,  the  calcined  residue  is  redissolved 
in  nitric  acid,  and  the  gold  which  has  remained  unattacked 
dissolved  in  aqua  regia,  and  treated  as  above  described. 

The  use  of  the  ferrocyanide  of  potassium,  to  determine  the 
amount  of  copper  which  represents  the  gold  in  a compound,  is 
founded  on  the  fact  that  this  reagent  is  still  very  sensitive  when 
sulphide  of  sodium  has  no  longer  any  perceptible  action.  The 
conditions  requisite  for  the  success  of  the  operation  are  : — 1st,  to 
take  care  that  the  copper  employed  is  perfectly  free  from  oxide  ; 
2nd,  to  be  certain  that,  after  contact  with  the  copper,  no  gold 
remains  in  solution;  3rd,  to  saturate  the  mixture  exactly  with 
pure  sulphuric  acid  after  the  reaction;  4th,  to  mix  as  quickly  as 
possible,  at  a gentle  heat,  the  copper  and  the  bicarbonate  with 
the  solution  of  the  terchloride  of  gold  ; 5th,  to  add  the  test  liquid, 
which  has  been  made  shortly  before  use,  with  precaution,  and  only 
by  drops,  when  but  a slight  chestnut  or  dark-red  precipitate  is 
produced. 

M.  Henry  quotes  a number  of  experiments,  the  results  of 
which  prove  the  exactness  of  the  process,  as  well  as  the  ease  and 
quickness  with  which  it  may  be  performed. 
grey  aiyiber.  >See  Ambergrease. 

GREY  COBALT  ORE.  See  COBALT  OllES. 

guano.  See  Manures. 

guinea  pepper.  See  Capsicum. 

guivx  ARABIC.  Gum  arabic  exudes  from  several  species  of 
trees  in  Egypt  and  Arabia  ; that  from  the  Acacia  Arabica  is  the 


190 


GUM  SENEGAL. 


best.  It  is  in  rounded  pieces,  of  an  irregular  size,  bard,  brittle, 
semi-transparent,  colourless,  or  of  a slightly  yellowish  or  brownish 
colour,  due  to  the  presence  of  foreign  substances.  Gum  arabic  is 
odourless,  and  has  only  a faint  flavour.  When  pure,  it  is  entirely 
soluble  in  water,  but  more  rapidly  in  hot  water.  Its  specific 
gravity  varies  from  131  to  i'48,  or  I‘5I5.  In  the  dry  state,  gum 
arabic  retains  still  17  per  cent,  of  water,  which  may  be  eliminated 
by  pulverizing  it  and  exposing  the  powder  for  a long  time  to  a 
steam  heat. 

Gum  arabic  is  often  adulterated  with  gum  Senegal , which  has 
almost  the  same  appearance,  and  altogether  the  same  qualities  as 
gum  arabic ; but  as  gum  arabic  is  always  a little  more  expensive, 
the  best  pieces  of  gum  Senegal,  that  is,  those  which  are  small  and 
of  a light  colour,  dry,  easily  broken — and  in  fact,  which  resemble 
gum  arabic  most — are  mixed  with  it,  and  sold  as  such.  It  is 
sometimes  mixed  also  with  common  cherry-tree  gum.  The  means 
of  detecting  this  fraud  are  given  in  the  article  on  Gum  Senegal. 

Gum  arabic  is  often  sold  in  a pulverized  state ; the  gum  sold 
in  that  state,  and  under  that  name  (pulvis  acacias)  is  a white 
powder,  but  which  is  frequentlv  mixed  with  starch  or  flour,  and 
in  which  generally  the  gum  arabic  is  altogether  replaced  by  gum 
Senegal,  or  partly  by  pulverized  cherry-tree  gum.  The  adultera- 
tion with  starch  or  flour,  however,  is  very  easily  detected  by 
putting  a small  quantity  of  the  suspected  gum  into  cold  water, 
and  stirring  the  whole  for  a while.  The  gum  dissolves  rapidly, 
whilst  the  starch  or  flour  falls  to  the  bottom  of  the  vessel. 

The  presence  of  starch  and  of  flour  may  also  be  detected  by 
boiling  a small  quantity  of  the  suspected  gum  in  water,  and  test- 
ing the  mucilage,  after  it  has  become  quite  cold,  with  the  tincture, 
or  with  an  aqueous  solution  of  iodine,  which  will  immediately 
impart  an  intense  blue  colour  to  the  mass. 

GUM  IAC.  See  Lac. 

gum  SENEGAL. — Gum  Senegal  is  produced  bv  the  Acacia 
senegalensis , and  has  the  same  properties  as  gum  arabic,  the  only 
difference  being  that  gum  Senegal  is  in  larger  masses  and  of  a 
darker  colour,  very  hard,  of  a vitreous  fracture ; the  lumps  are 
often  superficially  covered  with  sand,  which,  however,  is  easily 
removed  by  washing  them  with  water,  and  immediately  drying 
them. 

Gum  Senegal  is  often,  like  gum  arabic,  mixed  with  common 
cherry-tree  gum,  which  resembles  gum  Senegal.  Common  chei  r\  - 
tree  gum,  however,  is  generally  in  irregular  masses  of  a dark 
brown  colour,  difficult  to  break,  and  when  thrown  into  water 
they  swell  and  separate  in  insoluble  gelatinous  clots ; and  if  they 
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be  thrown  on  a filter,  and  the  filtrate  be  evaporated,  it  will  be 
seen  that  a small  portion  only  has  been  taken  up  by  the  water. 
When  pulverized,  the  presence  of  the  common  gum  is  recognized* 
because  the  mucilage,  which  the  powder  forms  with  water,  instead 
of  being  homogeneous  and  syrupy,  is  more  or  less  interspersed  with 
gelatinous  clots. 

GtxiVE  teagacakth. — Gum  tragacanth  is  produced  by 
the  astragalus  cretims ; it  is  met  with  in  thin,  opaque,  white  or 
yellowish,  tough,  flat  strips  of  an  irregular  shape,  or  in  threads,  or 
in  amorphous  lumps,  tasteless  and  odourless. 

'This  gum  has  nearly  the  same  properties  as  gum  arabic  or 
Senegal,  but  it  is  partly  insoluble  in  cold  water,  though  entirely 
soluble  in  boiling  water.  One  part  of  gum  tragacanth  forms  as 
thick  a mucilage  as  25  parts  of  gum  arabic. 

Gum  tragacanth,  in  the  state  just  described,  can  hardly  be 
adulterated;  but  in  the  pulverized  state  it  is  very  often  mixed 
with  a multitude  of  other  cheaper  powders,  more  especially  with 
gum  Senegal. 

A mixture  of  pulverized  gum  tragacanth  and  gum  Senegal 
always  forms  with  water  a thinner  mucilage  than  the  same  quan- 
tity of  either  of  these  gums  alone.  The  following  process  is  in- 
dicated, by  M.  Planche,  for  the  detection  of  this  fraud  Make 
a mucilage  of  the  suspected  gum,  and  add  thereto  a few  drops  of 
alcoholic  tincture  of  guaiacum,  taking  care  to  stir  all  the  while. 
If  the  gum  under  examination  contain  any  gum  arabic,  the  mix- 
ture, in  the  course  of  a few  minutes,  assumes  a fine  blue  colour 
whilst  it  does  not  change  colour  if  the  gum  tragacanth  be  pure! 
One-twentieth  part  of  gum  arabic  can  be  thus  detected 

We  should  remark,  that  only  four  or  five  drops  of  tincture  of 
guaiacum  should  be  employed  for  two  drachms  of  mucilage  and 
that  when  the  quantity  of  gum  arabic  is  very  small,  three  or  four 
hours  must  often  elapse  before  the  change  of  colour  can  be  ob- 
served. 

And,  moreover,  when  rectified  alcohol  is  poured  in  a clear  and 
filtered  mucilage  of  gum  tragacanth,  it  produces  only  a few 
flakes,  which  swim  about  in  tbe  liquor,  but  do  not  impair  its 
transparency  ; whilst  if  gum  arabic  is  present,  either  a precipitate 
is  produced. in  the  liquid,  or  it  becomes  opalescent,  according  to 
the  proportion  of  gum  arabic  which  it  contains. 

GUM'  METAli,  See  Bronze. 

GUWPOV/DEE.- Gunpowder  is  essentially  a mechanical  but 
very  intimate  mixture  of  three  substances  : namely,  saltpetre 
charcoal,  and  sulphur,  in  various  proportions,  according  to  the  use 
for  which  it  is  intended,  and  according  to  the  country  where  it  is 
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manufactured.  The  following  Table  indicates  the  composition  of 
gunpowder  in  several  countries  : — 


Saltpetre 

Charcoal 

Sulphur 

England 

Common  powder  . 

75 '0 

12-50 

12-50 

Waltham  Abbey  Mills  . 

75 

78  ■-'V 

76 

15 

10 

* 

Shooting  powder  . . j 

12 

15 

IO 

Q 

Priming  powder  . 

65 

15 

20 

France. 

National  Mills 

75 

12-50 

12-50 

Shooting  powder  . 

78 

12 

IO 

Mining  powder 

62 

18 

20 

America 

Common  powder  . . . 

75" 

12-50 

12-50 

Prussia 

D J)  • • • 

75 

12-5 

12-5 

Russia . 

5«  » • • • 

7378 

I3’59 

12-63  . 

Austria 

» » • • • 

76 

11-50 

12-50 

Spain  . 

55  55  • • 

76 ; 47. 

. 10-78 

1275 

Holland 

59  59 

70*00 

14-00 

10*00 

Sweden 

59  59  * ‘ • 

75 

9 

16 

Switzerland . 

95  59 

76 

14 

IO 

China  . 

5*  55 

75 

14-40 

9-60 

Bavaria 
Badexr  . 

59  95  * * f_ 

59  55  * .*  J 

75 

12-5 

12-5 

Under  the  influence  of  a sufficient  degree  of  heat,  the  three 
constituents  of  gunpowder  react  powerfully  upon  each  other,  and 
disengage  almost  instantaneously  an  enormous  quantity  of  gas,  on 
which  the  dynamic  effect  of  this  compound  depends.  If  the  heat 
he  communicated  to  the  powder  by  a spark,  the  charcoal  first 
catches  fire,  then  the  sulphur,  and  lastly  the  saltpetre  is  decom- 
posed into  potash,  nitrogen,  and  oxygen.  A small  portion  of  the 
potash  is  decomposed  by  the  carbon  into  potassium,  water,  and 
oxygen ; the  oxygen  combining  with  the  sulphur  produces 
sulphurous  acid,  part  of  which  escapes,  whilst  another  portion 
combines  with  a part  of  the  potash  to  form  sulphite  of  potassium, 
which  is  left  as  a residue.  A portion  of  unconsumed  sulphur 
remains  also  as  a residue,  but  another  portion  combines  with  the 
potassium,  and  forms  a residue  of  sulphide  of  potassium.  The 
carbon  yields  carbonic  oxide  and  carbonic  acid  gases ; a portion 
of  carbon  is  left  as  a residue.  A portion  of  the  carbonic  acid 
combines  with  the  potash,  and  gives  a residue  of  carbonate  of 
potassium  ; the  excessive  heat  produced  by  the  combustion  of  the 
powder  decomposes  the  nitric  acid  into  nitrogen  and  oxygen,  and 
converts  the  water  into  steam.  The  explosion  carries  off  a portion 
of  the  residue  in  the  form  of  smoke.  Other  compounds  formed 
are  sulphuretted  hydrogen,  carburetted  hydrogen,  sulphide  of 
carbon,  sulphate  of  potassium,  and  cyanide  of  potassium. 

Aqueous  vapour,  though  appearing  amongst  the  gaseous  pro- 
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ducts,  is  always  in  very  small  quantity,  and  its  presence  is  owing 
to  the  property  which  charcoal  powder  possesses  of  absorbing 
moisture,  on  account  of  its  porosity,  and  in  consequence  of  which 
gunpowder,  even  of  the  very  best  quality,  and  kept  in  the  driest 
magazines,  is  never  perfectly  dry.  The  moisture  penetrating  the 
grains  of  powder,  proportionately  impairs  its  dynamic  or  ballistic 
effects,  causes  the  saltpetre  to  effloresce  at  the  surface  of  the 
grains,  destroys  the  homogeneity  of  the  mixture,  and  disaggregates 
its  constituents.  The  gunpowder  which  has  been  made  with 
black  charcoal  absorbs  less  moisture,  and  this  is  the  case  also  with 
large-grained  more  than  with  small-grained  powder.  In  dry 
magazines  ordinary  gunpowder  contains  from  0.5  to  0.6  per  cent, 
of  moisture,  but  if  left  exposed  in  damp  places,  it  absorbs  a much 
more  considerable  quantity  of  it.  Large-grained  powder,  and 
that  which  is  damp,  leave  in  the  gun  a thick  coating,  which  aug- 
ments at  each  round,  and  soon  ‘renders  the  gun  so  foul  as  to 
become  useless  until  cleaned. 

The  temperature  produced  by  the  combustion  of  gunpowder  is 
exceedingly  high,  and  sufficient  to  melt  gold  and  red  copper  ; the 
gases  produced  by  the  combustion  are  thus  enormously  dilated, 
jmd,  according  to  Gay-Lussac,  one  volume  of  gunpowder  pro- 
duces about  2000  volumes  of  gas;  but  in  order  to  obtain  the 
fullest  effect  the  combustion  must  take  place  very  rapidly,  and 
therefore  the  dynamic  effects  of  gunpowder  depend  not  only  upon 
the  proportions  of  the  substances  employed,  but  likewise  upon 
their  intimate  mixture,  and  on  the  physical  state  of  the  powder 
after  being  manufactured. 

Gunpowder  should  be  hard  enough  not  to  give  a large  quantity 
of  dust  by  abrasion,  for  the  dust  lying  compactly  impedes  the 
rapidity  of  the  inflammation.  Good  gunpowder  should  resist 
pressure  between  the  fingers,  and  after  spreading  upon  the  back 
of  the  hand  it  should  leave  no  stain  thereon.  The  grains  should 
have  a slightly  shining  or  glossy  appearance,  and  be  proportional 
to  the  use  for  which  it  is  intended. 

The  grains  of  ammunition  gunpowder  should  be  angular,  hard 
and  dry  ; they  should  be  able  to  resist  a moderate  pressure,  and 
give  no  dust  when  poured  in  the  hand. 

The  grains  of  shooting  gunpowder  should  be  angular,  hard,  of 
uniform  size,  and  glossy. 

Miners’  powder  is  similar  to  that  used  for  cannon. 

Good  gunpowder,  being  spread  upon  a sheet  of  paper  and 
inflamed,  should  burn  rapidly  with  a flash,  and  should  leave  no 
appreciable  residue  on  the  paper ; neither  should  it  burn  it. 
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Gunpowder  has  generally  a dark  greyish  or  brownish  colour ; 
a perfectly  black  colour  indicates  that  either  too  much  charcoal 
has  been  used,  or  that  the  charcoal  was  too  hard.  If  the  grains 
exhibit  here  and  there  white  sparkling  particles,  they  are  due  to 
an  efflorescence  of  the  saltpetre,  and  they  are  generally  observable 
on  powder  which,  having  been  accidentally  wetted,  has  been 
redried. 

When  gunpowder  does  not  contain  more  than  7 per  cent,  of 
water,  it  may  be  rendered  again  perfectly  good  by  drying  it ; 
but  when  it  contains  8,  10,  or  14  per  cent,  of  water,  as  is 
sometimes  the  case,  it  should  be  remanufactured.  As,  how- 
ever, the  gunpowder  which  has  become  wet  may  have  lost  a 
portion  of  its  saltpetre,  it  is  necessary  to  analyze  it  in  order  to 
ascertain  and,  if  necessary,  to  restore  the  loss.  When  damaged 
by  sea- water,  it  is  no  longer  fit  for  use,  but  from  such  powder  the 
saltpetre  may  be  extracted. 

Analysis  of  Gunpowder. — The  sample  intended  for  analysis 
(from  20  to  30  grains)  is  finely  pulverized  and  dried,  either  in  the 
water-bath,  or  in  vacuo  over  sulphuric  acid.  It  is  then  digested 
for  some  time  with  boiling  distilled  water,  and  the  insoluble 
portion  thrown  on  a filter,  the  weight  of  which  is  known.  It  is 
repeatedly  washed  while  on  the  filter  with  hot  water.  The 
filtrate  and  the  washings  are  evaporated  to  dryness,  and  the  dry 
mass  estimated  as  nitre  ; or,  after  having  weighed  the  residue,  it 
may  be  redissolved  in  water,  and  tested  for  common  salt  by 
nitrate  of  silver,  and  if  any  notable  quantity  is  thereby  indicated, 
the  silver  salt  must  be  added  as  long  as  any  precipitation  takes 
place,  and  the  resulting  chloride  of  silver  calculated  into  its 
equivalent  of  chloride  of  sodium,  I43‘5  grs.  chloride  of  silver  = 
58-5  grs.  chloride  of  sodium,  and  the  amount  deducted  from  the 
dry  salt.  The  substance  remaining  on  the  filter  is  dried  and 
weighed  ; it  consists  of  carbon  and  sulphur.  To  determine  the 
proportion  of  these  two  elements,  a fresh  quantity  (from  15  to  20 
grains)  of  the  finely  powdered  sample  is  intimately  mixed  with 
an  equal  amount  of  pure  anhydrous  carbonate  of  sodium;  the 
mass  is  then  mixed  with  about  eight  parts  of  nitre  and  six  of 
common  salt.  The  whole  is  strongly  heated  in  a platinum 
crucible : the  sulphur  becomes  thereby  oxidized  into  sulphuric 
acid  at  the  expense  of  the  oxygen  of  the  nitric  acid,  and  the  acid 
thus  formed  unites  with  the  potassa  of  the  decomposed  nitre, 
forming  sulphate  of  potassium.  As  soon  as  the  mass  has  become 
white,  it  is  dissolved  in  water,  acidified  with  hydrochloric  acid 
and  the  sulphuric  acid  precipitated  by  chloride  of  barium ; from 


GUNPOWDER. 


195 

the  weight  of  sulphate  of  barium  obtained  the  amount  of  sulphur 
is  calculated.  F 

Marchand  modifies  the  above  (Gay-Lussac’s)  method  of 
estimating  the  sulphur  in  gunpowder  in  the  following  manner 
A mixture  of  1 part  of  nitrate  and  3 parts  of  carbonate  of  barium 
is  intimate!}  mixed  with  a twelfth  part  of  the  powder,  and  heated 
in  a tube  closed  at  one  end.  A layer  from  3 to  4 inches  in 
length  of  barium  salt  is  inserted  in  front  of  the  mixture,  and  the 
whole  is  heated  in  the  combustion-furnace,  beginnino-  at  the 
anterior  portion.  The  mixture,  which  does  not  fuse,  is  easily 
removed  from  the  tube,  which  is  rinsed  with  dilute  hydrochloric 
acid,  m which  the  ignited  mass  is  then  dissolved.  The  liquid  is 
retained  in  a beaker  for  several  hours  near  212°  and  the  sulphate 
of  barium  is  then  collected  on  a filter.  The  amount  of  sulphur 
may  likewise  be  determined  accurately  in  the  moist  way.  Prom 
30  to  40  grains  of  the  powder  are  treated  in  a flask  with  concen- 
trated nitric  acid,  with  the  addition  of  a few  grains  of  chlorate  of 
potassium  the  mass  is  kept  gently  boiling  until,  at  last,  a colour 
less  liquid  is  obtained,  which  is  diluted  with  a large  quantity 
of  water,  and  precipitated  while  hot  with  chloride  of  barium  ‘ 

MM.  Cloez  and  Guignet  employ  as  an  oxidizing  agent  pure 
crystallized  permanganate  of  potassium.  About  one  gramme  of 
t e well-dried  powder  is  boiled  with  a saturated  solution  of  the 
permanganate,  fresh  portions  being  added  from  time  to  time  until 
the  mixture  has  a persistent  violet  colour : concentrated  hydro- 
chloric acid  is  then  added,  and  the  whqle  boiled  until  the  oxide 
ol  manganese  is  completely  dissolved ; the  solution  is  filtered 
concentrated  (if  necessary),  a little  nitric  acid  added,  and  the 
sulphuric  acid  precipitated  by  chloride  of  barium. 

Ihe  charcoal  is  estimated  indirectly  by  deducting  the  weights 
of  the  moisture,  nitre,  and  sulphur  from  the  original  weight  of  the 
powder  analysed. 

The  amount  of  nitre  in  gunpowder  may,  according  to  Mar- 
cn.ANu,  be  ascertained  with  great  precision  by  determining  the 
quantity  of  nitrogen  in  the  powder.  For  this  purpose  a portion  of 
the  sample  is  weighed  off,  reduced  to  a fine  powder,  and  intimately 
mixed  with  oxide  of  copper;  the  mixture  is  transferred  to  a com- 
bustion-tube, the  sealed  end  of  which  is  charged  with  carbonate 
of  lead,  and  then  with  oxide  of  copper;  oxide  of  copper  and 
metallic  copper  are  placed  in  front. 

Uchatius  emoloys  the  following  ingenious  process  for  deter 
mining  the  amount  of  nitre  :-2o  grammes  of  the  powder  am 
introduced  into  a flask  with  about  50  grains  of  lead  shot  • ^00 
grammes  of  well-water  are  then  added  by  means  of  a graduated 
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pipette ; the  flask  is  well  closed  and  shaken  for  eight  minutes,  by 
which  the  solution  of  the  nitrate  of  potassium  in  the  powder  is 
completely  effected.  The  solution  is  filtered,  and  172  grammes  of 
the  filtrate  measured  off  in  a second  pipette,  and  placed  in  a 
narrow  beaker ; it  is  brought  to  the  normal  temperature,  and  a 
glass  bubble  is  introduced.  This  bubble  is  so  constructed  that 
when  the  powder  contains  75  per  cent.  ( = 15  grammes  of  nitrate 
of  potassium)  it  will  rise  to  the  surface,  while  the  addition  of 
three  or  four  drops  of  water  will  cause  it  to’  sink  to  the  bottom. 
By  means  of  a graduated  pipette  fixed  quantities  of  one  or  two 
solutions  are  added,  so  as  to  cause  an  increase  or  diminution  in  the 
quantity  of  nitrate  of  potassium  contained  in  the  solution,  equal  to 
one  or  more  ioths  per  cent,  until  the  bubble  attains  the  surface 
of  the  solution.  The  percentage  quantity  of  nitre  in  the  gun- 
powder is  now  ascertained  by  adding  to,  or  deducting  from,  75, 
the  amount  of  diminution  or  increase  in  the  strength  of  the  solu- 
tion effected  by  the  addition  of  the  test  fluid. 

Separation  of  the  Sulphur  from  the  Charcoal. — For  this  purpose 
Marchand  adopts  Wohler’s  method,  which  is  as  follows: — A 
weighed  quantity  (about  20  grains  of  the  dried  mixture  of  sulphur 
and  charcoal)  is  introduced  into  a bulb  blown  out  about  2 inches 
from  the  extremity  of  a tube  of  hard  glass,  about  8 inches  in 
length.  An  asbestos  plug  is  thrust  into  the  longer  part  of  the 
tube  to  within  half  an  inch  or  so  of  the  bulb,  and  the  remainder 
of  the  tube  is  then  filled  with  metallic  copper ; the  tube  is  then 
weighed,  a current  of  dried  carbonic  acid  gas  is  passed  through 
the  tube,  and  the  part  containing  the  copper  having  been  raised  to 
a full  red-heat,  the  sulphur  is  distilled  through  it ; the  sulphur 
vapours  combine  with,  and  are  retained  by,  the  copper.  When 
the  operation  is  over,  the  tube  is  allowed  to  cool ; it  is  cut  off 
between  the  asbestos  plug  and  the  bulb,  and  the  latter,  containing 
the  carbon,  is  rapidly  weighed ; the  loss  of  weight  expresses  the 
amount  of  sulphur.  The  heat  which  must  be  applied  to  remove 
the  whole  of  the  sulphur  from  the  charcoal  is,  in  general,  greater 
than  that  at  which  the  charcoal  had  been  prepared,  and  there  is 
observed  during  the  expulsion  of  the  sulphur  a strong  odour  of 
humic  acid ; carbonic  acid,  carbonic  oxide,  and  water  are  also 
expelled.  Instead  of  distilling  the  sulphur  from  the  charcoal,  it 
may  be  removed  by  solvents.  Marchand  employs  for  this  pur- 
pose sulphide  of  carbon.  After  exhausting  the  gunpowder  with 
water,  which  he  effects  in  a displacement  apparatus  of  the  form 
of  an  ordinary  chloride  of  calcium  tube,  from  7 to  S inches  long, 
the  bulb  being  stopped  with  asbestos,  he  treats  it  with  absolute 
alcohol,  which  displaces  the  water,  upon  which  sulphide  of  carbon, 
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wbicli  has  been  rectified  over  oxide  of  lead,  is  poured  over  it  until 
what  passes  through  leaves  no  sulphur  on  evaporation  ; the 
powder  is  then  finally  treated  with  alcohol.  It  is  still  better  to 
use  the  sulphide  of  carbon  mixed  with  absolute  alcohol.  As  soon 
as  the  charcoal  is  washed,  a current  of  dry  air  is  drawn  through 
the  tube  by  means  of  an  aspirator,  the  tube  itself  being  confined 
in  an  air-bath  at  248°.  The  dry  charcoal  is  weighed  accurately  in 
the  tube. 

The  sand,  &c.,  contained  in  the  powder  may  be  determined 
with  tolerable  accuracy  by  trituration  and  suspension. 

HAMBURG  WHITE.  See  CARBONATE  OP  LeAO. 

HARTSHORNS  (SPIRITS  OF).  See  AMMONIA. 

HEMATITE.  See  IRON  ORES. 

honey. — Honey  is  a saccharine  substance  produced  by  the 
bee,  of  a semi-solid  consistence,'  white,  yellow,  or  brown,  and 
sometimes  of  an  aromatic  taste ; brown  honey  has  generally  an 
acrid,  disagreeable  flavour. 

The  best  way  of  purifying  honey  is  the  following: — Dissolve 
the  honey  to  be  purified  in  its  own  weight  of  water,  and  boil  the 
whole  four  or  six  times,  without  skimming.  It  should  then  be 
removed  from  the  fire,  and  after  cooling  it  is  poured  upon  linen 
strainers,  previously  covered  with  fine  and  well-washed  white  sand 
about  one  inch  thick.  The  solution  of  honey  which  filters  through 
has  then  the  colour  of  white  wine ; the  sand  on  the  strainers  is 
rinsed  with  cold  water,  and  the  liquor  is  finally  evaporated  to  the 
consistence  of  syrup. 

Honey  is  sometimes  adulterated  with  chalk,  but  more  often 
with  flour,  or  with  syrup  of  potato-sugar  (glucose). 

These  sophistications  are  easily  detected  and  estimated  by  dis- 
solving a given  weight  of  the  honey  in  cold  water;  the  chalk  ®r 
other  insoluble  substances  will  settle  at  the  bottom,  and  may  be 
separated  by  decantation ; in  this  way  the  chalk  and  the  flour  will 
settle,  the  chalk  falling  first.  If  the  addition  of  hydrochloric  acid 
produces  an  effervescence,  it  indicates  the  presence  of  chalk ; if 
solution  of  iodine  imparts  a blue  colour,  it  is  owing  to  the  presence 
of  starch  or  flour. 

If  potato-sugar  is  present  in  the  honey,  it  may  be  detected  by 
the  processes  which  are  described  in  the  article  on  Sugar. 

Honey  which  has  been  kept  more  than  a year,  or  which  has 
become  of  a syrupy  consistence,  or  of  an  acidulous  or  pungent 
taste,  should  be  rejected.  It  is  with  the  view  of  shielding  this 
deterioration  that  flour  or  starch  is  often  mixed  with  it.  When 
honey  which  has  been  sophisticated  in  this  manner  is  heated,  it 
liquefies  at  first,  but  on  cooling  it  becomes  solid  and  tough. 
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HYDRAUXIC  CEMENTS.  See  LlME. 

HYDKAUXIC  MOSTAK.S.  See  LlME. 

IIYDaiODATE  OP  POTASH.  See  IODIDE  OP  PoTAS- 
SIEM. 

HYDROCHIOEIC  ACID  (dilorhydric  Acid,  IVIuriatlc 
Acid,  Spirit  of  Salt). — Hydrochloric  acid  is  a combination  of 
hydrogen  and  of  chlorine.  Hydrochloric  acid  is  a gas  produced 
by  the  action  of  sulphuric  acid  upon  common  salt,  which  gas, 
when  condensed  in  water,  constitutes  the  liquid  hydrochloric  or 
muriatic  acid  of  commerce. 

Commercial  hydrochloric  acid  is  a liquid  of  a yellow  colour, 
of  specific  gravity  1 ■ 1 6 or  1*17,  of  a pungent,  suffocating  odour, 
intensely  acid,  and  emitting  white  fumes  in  the  air,  especially  if 
the  air  be  damp.  It  is  completely  volatilized  by  heat.  Pure 
hydrochloric  acid  is  perfectly  colourless. 

As  the  specific  gravity  of  hydrochloric  acid  is  sometimes  arti- 
ficially increased  by  the  fraudulent  addition  of  certain  salts,  the 
specific  gravity  is  no  criterion  of  its  genuineness  or  strength, 
except  it  be  known  that  the  acid  is  pure.  The  presence  of  fixed  salts, 
however,  may  be  summarily  ascertained  by  evaporating  to  dryness 
a certain  quantity  of  the  acid  under  examination,  which  will  leave 
the  salts  as  a dry  residuum,  the  relative  proportion  of  which  may 
at  once  be  ascertained  by  weighing. 

The  proportion  of  real  acid  contained  in  a given  sample  may 
be  correctly  estimated  by  determining  the  saturating  power.  The 
manner  in  which  this  can  be  accomplished  has  been  described  in 
the  article  on  Acidimetry ; that  is  to  say,  by  using  a test-liquor  of 
ammonia,  or  of  carbonate  of  sodium  of  a known  strength,  or  by 
ascertaining  the  quantity  of  carbonate  of  calcium  which  may  be 
required  to  saturate  the  acid.  This  may  be  done  as  follows: — 
Take  a given  weight  of  the  acid  to  be  examined— for  example,  100 
grains — pour  them  into  a somewhat  large  glass  beaker,  and  dilute 
them  with  two  or  three  times  their  weight  of  water.  Take  now  a 
lump  of  white  marble,  more  than  sufficient  to  saturate  the  acid, 
weigh  it  accurately,  and  immerse  it  into  the  diluted  acid  in  the 
glass  beaker.  An  effervescence  immediately  takes  place,  and  the 
lump  of  marble  should  be  left  in  the  acid  until  the  effervescence 
has  completely  ceased ; the  lump  of  marble  is  then  withdrawn, 
washed,  dried,  and  weighed  again;  the  difference  indicates,  of 
course,  the  quantity  dissolved.  How,  since  37  grains  of  pure 
hydrochloric  acid  can  saturate  50  of  carbonate  of  calcium  (marble), 
it  is  clear  that  if  the  100  grains  of  hydrochloric  acid  tested  have 
dissolved,  for  example,  45  grains  of  carbonate  of  lime,  the  acid 
contained  33'3  grains  per  cent,  of  real  acid,  or  84  per.  cent,  ot 
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Acid  of 
1 "2o  in 
100 

Specific 

Gravity 

Chlorine 

Muriatic 

Gas 

IOO 

1*2000 

39 '675 

40-777 

99 

1 ’1982 

39-278 

40-369 

98 

1 '1964 

38-882 

39-961 

97 

1-1946 

38 '485 

39-554 

96 

1-1928 

38-089 

39"i46 

95 

I'lQIO 

37-692 

38738 

94 

1-1893 

37-296 

38730 

93 

1-1875 

36-900 

37-923 

92 

1-1857 

36 '503 

37-516 

9r 

1-1846 

3 6'io7 

37-108 

90 

1-1822 

35  707 

36-700 

89 

I-i8o2 

35'310 

36-292 

88 

1-1782 

34'9X3 

35'884 

87 

1-1762 

34'5I7 

35-476 

86 

1 "I74I 

34-121 

35-068 

85 

1*1721 

33724 

34-660 

84 

I*I70I 

33 '328 

34-252 

83 

i'i68i 

32-931 

33-845 

82 

1 -1661 

32-535 

33 '437 

81 

1-1641 

32-136 

33-029 

80 

1-1620 

3*746 

32-621 

79 

1 '1599 

3I-343 

32-213 

78 

1-1578 

30-946 

3i"8o5 

77 

I’I557 

30-550 

31  398 

76 

1 '1536 

30-I53 

30-990 

75 

I'I5i5— 

29757 

30-582 

74 

I -1494 

29-361 

30-I74 

73 

I ‘1473 

28-964 

29-767 

‘ 72 

I'I452 

28-567 

29759 

7i 

1 ’1431 

28-171 

28951 

70 

1 -1410 

27*772 

28-544 

69 

1-1389 

27-376 

28-136 

68 

1-1369 

26-979 

27  728 

6 7 

I-I349 

26-583 

27-321 

66 

1-1328 

26-186 

26-913 

65 

1-1308 

25789 

26-505 

64 

1-1287 

25-392 

26-098 

63 

1-1267 

24-996 

25-690 

62 

1 -1247 

24-599 

25-282 

61 

1-1226 

24*202 

24-874 

60 

I"X2o6 

23-805 

24  -466 

59 

1-1185 

23-408 

24-058 

58 

1-1164 

23*012 

23-650 

57 

i’H43 

22-615 

23-242 

56 

1-1123 

22'2l8 

22-834 

55 

I *1102 

21-822 

22-426 

54 

i" 1082 

21-425 

22*019 

53 

i"io6i 

21  '028 

2I-6lX 

52 

1 -1041 

20-632 

21*203 

5i 

I "1020 

20-235 

20796 

Acid  of 
1 *20  in 
too 

Specific 

Gravity 

Chlorine 

Muriatic 

Gas 

5° 

1*1000 

19-837 

20-388 

49 

I -0980 

19-440 

19-980 

48 

I -0960 

19-044 

19-572 

47 

1-0939 

18-647 

i9'i65 

46 

1*0919 

18-250 

18757 

45 

1 '0899 

17-854 

18-349 

44 

1 '0879 

I7-457 

17-941 

43 

1-0859 

17-060 

I7-534 

42 

1-0838 

16-664 

17-126 

4i 

1 '0818 

16-267 

16718 

40 

1 "0798 

15-870 

16-310 

39 

1 '0778 

15-474 

15-902 

38 

1-0758 

15-077 

15-494 

37 

1 -0738 

14-680 

15-087 

36 

1-0718 

14-284 

14-679 

35 

1 ‘0697 

13-887 

14-271 

34 

1 -0677 

13-490 

13-863 

33 

1 -0657 

13-094 

13-456 

32 

1 -0637 

12-697 

13-049 

3i 

1 -0617 

12*300 

12-641 

30 

I-Q597 

11-903 

12-233 

29 

i-o577 

11-506 

11-825 

28 

i-o557 

11-109 

11-418 

27 

i-o537 

10-7x2 

II'OIO 

26 

1-0517 

10-316 

IO’6o2 

25 

1-0497 

9-919 

10-194 

24 

i-o477 

9-522 

9-786 

23 

1-0457 

9-126 

9-379 

22 

1-0437 

8 -729 

- 8-971 

21 

1 ‘0417 

8-332 

8-563 

20 

1-0397 

7-935 

8-155 

19 

1-0377 

7'538 

7-747 

18 

1-0357 

7-141 

7-340 

17 

10337 

6745 

6-932 

l6 

1-0318 

6-348 

6-524 

15 

1 0298 

5'95i 

6916 

14 

I ‘0279 

5'554 

5709 

13 

1 -0259 

5-I58 

5-301 

12 

1-0239 

4-762 

4-893 

II 

I "0220 

4-365 

4-486 

IO 

1*0200 

3'968 

4-078 

9 

i"ox8o 

3"S7i 

3-670 

8 

i"ox6o 

3'i74 

3-262 

7 

1 ‘0140 

2-778 

2-854 

6 

1*0120 

2-381 

2-447 

5 

I'OIOO 

1-984 

2-039 

4 

i-po8p 

1-588 

1-631 

3 

1 "6060 

1-191 

x ‘224 

2 

I *0040 

°'795 

o"8i6 

I 

I "0020 

°’397 

0-408 
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hydrochloric  acid  of  sp.  gr.  i‘20.  Such  an  acid  should  have  a 
specific  gravity  of  i‘  17. 

When,  however,  the  acid  is  known  to  he  pure,  which  may  he 
ascertained  as  described  further  on,  its  strength  may  be  deter- 
mined by  its  density,  as  shown  in  the  Table  (see  p.  199)  by  Dr.  Ure, 
which  we  reproduce  here. 

Commercial  hydrochloric  acid  is  occasionally  sophisticated, 
hut  it  is  moreover  contaminated  generally  by  various  substances, 
the  presence  of  which  it  is  sometimes  important  to  know  how  to 
detect.  For  example,  it  ordinarily  contains  all  the  salts  which 
existed  in  the  water  which  had  been  employed  for  condensing  the 
gas,  and  likewise  sulphurous  and  sulphuric  acids,  more  or  less  ; 
perchloride  of  iron ; sometimes,  also,  a little  arsenious  or  arsenic 
acid,  nitric  acid,  and  some  free  chlorine. 

The  presence  of  sulphurous  acid  is  due  to  the  action  of  the 
sulphuric  acid  upon  the  organic  matter  contained  in  the  common 
salt  employed  in  the  manufacture  of  hydrochloric  acid ; but  it  is 
more  especially  on  the  Continent  that  this  contamination  is  met 
with,  for  common  salt  being  there  subject  to  a fiscal  tax,  from 
which  that  salt  is  only  exempted  which  is  employed  for  manu- 
facturing purposes,  the  government  require  that  such  salt  should 
be  mixed  with  tar  or  coal-dust.  In  Great  Britain,  sulphurous 
acid  is  found  in  hydrochloric  acid  when  it  has  been  manufactured 
from  the  salt  which  comes  from  the  cod  fisheries.  Sulphurous 
acid,  however,  may  also  proceed  from  the  bisulphate  of  sodium 
which  is  produced  by  the  action  of  the  sulphuric  acid  upon  the 
salt,  and  which,  being  decomposed  by  the  heat  to  which  the 
retort  is  submitted,  especially  towards  the  end,  is  transformed  into 
neutral  sulphate  of  sodium,  sulphurous  acid,  oxygen,  and  anhy- 
drous sulphuric  acid. 

The  presence  of  sulphurous  acid  is  easily  detected  by  diluting 
a small  portion  of  the  hydrochloric  acid  with  water,  and  adding 
an  excess  of  chloride  of  barium,  in  order  to  precipitate  the  sul- 
phuric acid  which  may  exist  in  the  acid  ; this  precipitate  is  sepa- 
rated by  filtering,  nitric  acid  is  added  to  the  filtrate,  and  the  whole 
is  then  boiled.  The  sulphurous  acid  which  may  be  present  in  the 
liquor  being  thus  oxidized  by  the  nitric  acid,  is  thereby  trans- 
formed into  sulphuric  acid,  which,  combining  with  the  excess  of 
chloride  of  barium  in  the  liquor,  produces  again  a white  pre- 
cipitate of  sulphate  of  barium,  which  may  be  separated  by  filter- 
ing; and  from  which,  after  washing,  drying,  and  ignition,  the 
quantity  of  sulphurous  acid  may  be  estimated.  1 17  of  sulphate  of 
barium  represent  32  of  sulphurous  acid.  If  the  proportion  of  sul- 
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phurous  acid  is  considerable,  it  may  be  detected  by  its  odour 
(that  of  burning  sulphur). 

The  presence  of  sulphurous  acid  in  hydrochloric  acid  may  also 
be  detected  by  means  of  a solution  of  permanganate  of  potash. 
The  process  is  as  follows  : — The  acid  in  question  is  first  diluted 
with  water,  and  a few  drops  of  the  solution  of  permanganate  of 
potassium  are  poured  into  it.  If  the  colour  of  the  permanganate 
is  completely  destroyed,  sulphurous  acid  is  present,  for  otherwise 
the  solution  would  assume,  for  a certain  length  of  time,  a red  or 
pink  tinge. 

The  presence  of  sulphurous  acid  may  also  be  detected  by 
passing  a current  of  sulphuretted  hydrogen  through  the  hydro- 
chloric acid,  for  in  that  case  a milky  white  precipitate  of  sulphur 
is  produced.  If  the  precipitate  so  ^produced  is  yellow,  arsenious  or 
else  selenic  acid  may  be  suspected. 

But,  according  to  Messrs.  Fordos  and  Gelis,  the  smallest 
traces  of  stdphurous  acid  .in  hydrochloric  acid  may  be  detected  as 
follows : — Dissolve  a little  zinc  in  the  acid  under  examination, 
and  pass  the  hydrogen  gas  which  is  evolved  through  a solution  of 
subacetate  of  lead ; or,  better  still,  through  one  of  oxide  of  lead  in 
caustic  potash ; a black  precipitate  of  sulphide  of  lead  will  then 
be  produced. 

The  presence  oi  per  chloride  of  iron  is  easily  detected  by  super- 
saturating the  hydrochloric  acid  under  examination  with  ammonia, 
which  will  precipitate  the  peroxide  of  iron  in  the  shape  of  flakes  of 
a reddish-brown  colour,  either  immediately,  or,  if  in  trifling 
quantity,  after  a little  time. 

If,  however,  only  traces  of  iron  are  present,  it  is  better  to 
supersaturate  the  acid  with  ammonia,  and  then  to  add  hydro- 
sulphuret  of  ammonia,  which  will  precipitate  the  iron  in  the  state 
of  black  sulphide.  The  yellow  colour  of  the  commercial  acid  is 
generally,  though  not  always  due  to  the  presence  of  iron,  but  it 
may  be  also  derived  from  contamination  with  organic  matter : 
for  example,  from  the  lute  with  which  the  carboys  containing  it 
are  closed,  and  portions  of  which  have  accidentally  fallen  into  it. 
The  presence  of  organic  matter  is  readily  detected  by  evaporating 
a few  drops  of  the  acid  to  dryness ; a carbonaceous  residuum  will 
then  be  left. 

The  presence  of  arsenious  acid  is  detected  by  Marsh’s 
apparatus. 

“ Marsh's  Apparatus." — This  instrument  is  grounded  upon  the 
property  which  nascent  hydrogen  has  of  combining  with  arsenic, 
with  which  it  forms  arseniuretted  hydrogen,  from  which  arsenic 
can  be  separated. 
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The  apparatus  represented  in  Fig.  20  is  a modification  of  Mr. 
Marsh’s  original  apparatus,  whereby  several  sources  of  error  and 
inconvenience  are  avoided ; whilst,  at  the  same  time,  it  is  ren- 
dered much  cheaper,  since  it  may  at  once  be  made  with  the  bottles 
and  tubes  which  are  always  to  be  found  in  the  laboratory. 


Fig.  20. 


A is  a bottle  into  which  the  acid  solution  to  be  examined  for 
arsenic  is  put,  together  with  pieces  of  pure  zinc,  b is  a glass  funnel 
passing  through  the  cork  c,  and  plunging  in  the  liquid  to  be  ex- 
amined. c is  a cork  perforated  with  two  holes  for  the  introduction 
of  the  glass  funnel  b and  the  tube  d.  d is  a glass  tube  bevelled 
at  the  end  e,  and  to  which  a bulb,  f,  has  been  blown,  in  order  that 
any  water  which  may  have  escaped  with  the  gas  being  condensed 
may  readily  fall  back  into  the  flask  or  bottle  a.  e,  bevelled  end 
of  the  tube  D.  F,  bulb  blown  in  the  tube  D,  and  into  which  the 
moisture  of  the  gas  is  condensed.  G,  larger  tube  filled  loosely 
with  asbestos  or  cotton,  in  order  to  sift  the  gas  as  it  passes  through, 
thus  preventing  any  particles  of  zinc  or  other  metals  from  being 
carried  further  by  the  gas.  H,  tube  of  hard  glass  inserted  in  the 
larger  tube  G,  and  through  which  the  gas  ultimately  passes;  it  is 
drawn  into  a point  at  k,  for  the  purpose  of  inflaming  the  gas  there. 
1 is  a sheet  of  copper  through  which  the  tube  H passes,  and  the 
object  of  which  is — First.  To  support  the  tube,  as  it  might  bend 
by  being  heated  by  the  spirit-lamp  j.  Secondly.  To  reflect  the 
heat  of  the  lamp  on  that  part  of  the  tube.  Thirdly.  To  keep  the 
portion  of  the  tube  before  and  after  its  entrance  in  the  copper 
sheet  sheltered  from  the  heat,  and  therefore  cool.  J,  spirit-lamp. 
K is  the  end  of  the  tube  H drawn  to  a point. 

The  apparatus  being  thus  disposed,  and  containing  the  pieces 
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of  pure  zmc  in  bottle  A,  some  water  should  be  poured  in  sufficient 

quantity,  to  st.°P  tbe  end  °f  t^ie  glass  funnel  b,  and  then  the  hy- 
drochloric acid  under  examination  is  introduced.  Hydrogen  is 
generated,  which  is  allowed  to  escape  for  some  time,  so  that  the 
whole  apparatus  is  tilled  with  it.  It  may  then  be  inflamed  at  the 
end,  and  a piece  of  glass,  or  china,  or  mica,  being  introduced  into 
the  dame  at  the  end  k,  will  show  whether  the  zinc  employed  is 

pure  ,-  as,  it  so,  the  piece  of  glass,  or  china,  or  mica,  will  remain 
spotless. 

As  the  zinc  employed  for  the  apparatus  must,  of  course, 
contain  no  arsenic,  the  following  method  of  purifying  it  for  the 

purpose  has  been  proposed  by  M.  Michelet  : 

. . Meit  some  commercial  zinc,  and  when  very  hot  pour  it  out 
into  a deep  pail  of  water.  Gather  the  zinc  thus  granulated,  and 
1 not  in  sufficiently  small  pieces,  break  the  larger  bits  in  a mortar, 

1 • J ac®  them  m alternate  layers  with  one  quarter  of  their 
weight  °f  saltpetre  into  a Hessian  crucible,  taking  care  to  begin 
th  a layer  of  saltpetre  and  terminate  with  a layer  of  zinc.  Heat 
now  the  crucible,  and  when  the  deflagration  and  fusion  will  have 
taken  place,  remove  the  scoriae,  and  run  the  zinc  in  an  in»ot 
mould  ; it  will  be  found  to  be  perfectly  pure. 

Caution.  It  is  necessary  to  wait  some  little  time  before  in- 
ammg  the  gas  at  k,  in  order  that  the  apparatus  may  contain 
otliing  but  hydrogen  5 as  if  atmospheric  air  was  still  in  it,  an  ex- 
plosion might  take  place,  which  would  break  the  apparatus. 

Having  thus  ascertained  that  the  zinc  and  materials  employed 
are  pure,  the  hydrochloric  acid,  being  first  diluted,  so  that  it  be 

7 moderatclj  acid,  is  to  be  introduced  into  the  bottle  a,  by 
means  of  the  funnel  b.  ’ y 

The  gas  escaping  at  k may  now  be  inflamed,  which,  if  nothin- 

* ?“e+h3Sr0gea  W eSCapin°’  wil1  burn  with  the  ordinary  flame 

whitiffi  t0  that  °aS  5 but  lf  ai'Senic  be  Present;  the  flame  will  be 

If  a piece  of  glass,  china,  or  mica,;being;held  in  the  flame, 
emains  spotless  it  is  a sign  that  nothing  but  hydrogen  is  escap- 

W6  COntrai7»  the  piece  of  glass,  or  china,  or  mica, 
being  thus  held  in  the  flame,  a deposit  is  formed  thereon,  of  a 
white  or  brown  colour,  it  is  either  metallic  arsenic,  or  arsenious 
acid,  or  oxide  of  antimony  ; one  or  both. 

1 0 identify  arsenic,  the  spirit-lamp  j is  to  be  lighted:  where- 
upon the  gas,  in  passing  through  the  tube  thus  exposed  to  a red 
heat,  will  be  decomposed,  and  the  result  will  be  that  the  metal 
of  the  arsemuretted  hydrogen  will  be  thereby  reduced 

It  the  metal  reduced  by  the  heat  is  deposited  in  the  tube  at  a 
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certain  distance  beyond  the  point  at  which  the  tube  is  heated,  and 
if  heat  being  applied  again  to  that  part  where  the  deposit  has 
taken  place,  this  deposit,  by  being  heated  again  volatilizes  and 
goes  beyond  the  place  thus  heated,  to  be  deposited  at  another 
portion  of  the  tube,  and  so  on,  then  the  compound  contains 
arsenic. 

This  being  ascertained,  that  part  of  the  tube  K drawn  into  a 
point  may  be  broken,  and  the  disengagement  of  gas  maybe  left  to 
take  place,  until  the  whole  of  the  arsenic  will  have  escaped  in  the 
shape  of  arseniuretted  gas. 

Caution.  — When  the  compound  contains  arsenic,  the  dis- 
engagement of  the  arseniuretted  hydrogen  produced  must  never  be 
suffered  to  take  place  in  the  apartment,  but  in  the  flue  of  the 
chimney,  and  great  care  is  to  he  taken  not  to  breathe  any  portion 
of  it,  as  it  is  an  exceedingly  deleterious  gas. 

If  nitric  acid  be  present,  it  may  he  detected  by  adding  gold 
leaf,  which  in  that  case  will  he  dissolved. 

Nitric  acid  may  also  he  detected  by  protosulphate  of  iron  in  the 
following  manner:— To  the  acid  under  examination  add  one- 
fourth  of  concentrated  sulphuric  acid,  and  the  whole  having 
become  cold,  drop  into  the  liquid  a crystal  of  protosulphate  of 
iron  ; if  nitric  acid  he  present,  that  portion  of  liquid  immediately 
in  contact  with  the  crystal  of  the  salt  of  iron  will  assume  a 
brownish-black  colour. 

The  presence  of  free  chlorine  in  hydrochloric  acid  may  he 
detected  by  adding  a few  drops  of  solution  of  sulphate  of  indigo, 
which  will  then  be  decolorised.  Tree  chlorine  has  a characteristic 
odour. 

When  hydrochloric  acid  contains  sulphurous  acid,  the  latter 
may  he  removed  by  adding  a small  quantity  of  peroxide  of 
manganese  in  very  fine  powder,  and  agitating  the  whole ; a certain 
quantity  of  chlorine  is  thus  evolved,  which  transforms  the 
sulphurous  into  sulphuric  acid. 

By  careful  distillation  the  hydrochloric  acid  passes  over,  leaving 
the  sulphuric  acid  in  the  retort.  If  the  small  quantity  of  chlorine 
contained  in  the  acid  should  prove  objectionable,  it  may  he 
removed  by  moderately  heating  the  acid,  or  by  putting  aside  the 
first  portions  which  come  over  in  distilling,  as  long  as  the  solution 
of  sulphate  of  indigo  is  decolorised. 

The  perchloride  of  iron  may  be  eliminated  by  redistillation  ; it 
will  remain  in  the  retort. 

If  arsenious  or  arsenic  acids  he  present,  they  may  he  removed 
by  redistilling  the  acid  with  a small  quantity  of  sulphuret  of 
barium ; three  or  four  thousandths  of  the  latter  substance  are 
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generally  sufficient  to  convert  the  arsenious  or  arsenic  acids  into 
sulphuret  of  arsenic,  which  remains  in  the  retort ; and  this  addi- 
tion may  he  made  immediately  after  that  of  the  peroxide  of 
manganase,  as  above  described. 

Arsenic  and  arsenious  acids  may  also  be  completely  separated 
b^digestog  the  hydrochloric  acid  upon  copper  filings,  decanting, 
and  then  distilling  the  acid.  ® 

HYDROCHX.ORATE  OP  AMMONIA.  See  SAL  AM- 
MONIAC. 

hypochiorite  or  dime.  See  Chloride  oe  Lime. 

INDIGO.— Iudigo  is  a blue  colouring  matter,  which  can 
be  extracted  from  several  tropical  plants,  but  nearly  all  the 
indigo  of  commerce  is  the  product  of  the  various  species  of  Indi- 
gojei  a.  There  are  various  modes  of  extracting  indigo  from  the 
plant,  and  manufacturers  differ  in  their  opinion  as  to  which  is  the 
best  process  of  obtaining  it. 

Indigo  should  be  in  lumps  of  a fine  deep  purple  colour 
assuming  a coppery  hue  when  rubbed  with  a hard  and  polished 
body,  such  as  the  nail  for  example ; and  its  fracture  should  be 
homogeneous,  compact  fine-grained,  and  of  a coppery  colour  A 

oualftl^TJ  °ribr0WmS1h  13  a sign  of  adulteration  or  of  bad 
* +L  J;  ie.lumPs  should  be  inodorous  and  light:  if  heavy 
earthy  impurities  are  present.  h 

Good  indigo  should  leave  only  a fine  streak  when  rubbed  upon 

f Wblte  PaPf ’ tbls  being  one  of  the  tests  of  the  best  quality 

e fine  ue  The  other  qualities  are  known  as  ordinary  blue 
fine  purple,  purple  and  violet,  dull  blue,  inferior  purple  and  violet 
strong  copper  and  ordinary  copper . * 

Besides  these  various  shades  or  differences  in  the  colour  the 
va  ue  of  indigo  may  also  be  deduced  in  various  ways  Thus  if 

nor  foVof  S\rd+0rbrittle’the  Chest8wi11  contain^  large  1- 

if  thp  O,  / J Z Prder;  if  tbe  lumPs  exhibit  crevfces  or 
if  the  outer  surface  is  blackish,  or  greenish  ; if,  on  breaking  a lump 

black  spots  are  seen  here  and  there ; or  if  it  looks  blistered  and 

has  little  cavities  generally  white  internally  (which  is  probably 

due  to  mouldiness) ; or  if  the  lumps  appear  to  consist  of  strata  0f 

various  shades  of  colour,  or  be  full  of  white  spots;  all  these  a re 

imperfections  or  defects  which  affect  the  value  of  the  drug  in  » 

serious  manner.  Indigo  frequently  contains  sand,  the  presence  of 

which  may  generally  be  detected  by  breaking  a lump  and  S f 

at  the  fracture  whilst  holding  it  horizontally  betweei  the  eye  and 

the  light,  in  which  case  small  shining  points  mav  ha 

which  are  the  particles  of  sand.  In  general  wlmn 

hard  dry  lumps  of  a dork  colour,  it  i/couaidered  of  bad°o“  S 
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inferior  quality.  Indigo  in  dust,  or  in  small  bits,  is  often  adul- 
terated with  sand,  pulverised  slate,  and  other  earthy  substances. 

Estimation  of  the  Value  of  Indigo. 

(a.)  A Determination  of  Moisture. — This  is  done  by  weighing 
off  a certain  quantity  of  indigo  under  examination — 200  grains,  for 
example — and  exposing  it  (in  a steam-bath)  to  a temperature  of 
2120  Fahr.,  until  it  no  longer  diminishes  in  weight ; the  loss  should 
not  be  more  than  from  3 to  6 per  cent. 

(b.)  Determination  of  Fixed  Inorganic.  Matters. — This  is  done  by 
incinerating  a given  weight  of  the  indigo — 20  grains,  for  example — 
in  a small  platinum  crucible  or  capsule.  During  this  process  the 
indigo,  if  of  good  quality,  fuses  and  emits  fumes  of  a fine  purple 
colour.  The  quantity  of  ashes  left  is  in  general  from  6 to  7 per 
cent.,  but  the  genuine  indigo  of  Senegal  leaves  sometimes  as  much 
as  12  per  cent,  of  ashes. 

(c.)  Introduce  into  a glass  bottle,  having  a large  mouth  and 
provided  with  a glass  stopper — 

Indigo,  dried  at  2120  Fahr.  . . . IO’O  grains. 

Crystallised  protosulphate  of  iron  (free 

from  copper) 36 'O  ,, 

Caustic  potash 32,o  „ 

Water  ......  io,ooo-o  „ 

The  size  of  the  bottle  should  be  such  that  the  above  mixture 
will  fill  it  completely ; no  air  or  empty  space  should  be  left,  for 
otherwise  the  experiment  may  fail. 

Stir  the  above  mixture  well,  and  after  leaving  it  at  rest 
for  a quarter  of  an  hour,  plunge  into  it  80  grains  of  spun-wool, 
leaving  them  immersed  therein  for  about  five  or  ten  minutes, 
according  to  the  depth  of  colour  which  it  may  be  desired  to 
obtain. 

The  same  process  is  repeated  with  indigo  which  is  known  to 
be  of  good  quality  or  with  indigotine,  and  the  difference  of  colour 
indicates,  of  course  comparatively,  the  value  of  the  sample  experi- 
mented upon. 

This  mode  of  estimating  the  value  of  indigo,  however,  shows 
only  whether  the  drug  is  capable  of  producing  a fine  colour  or  not; 
but  it  does  not  indicate  satisfactorily  the  quantity  of  available 
indigo  which  it  contains,  or,  in  other  words,  the  extent  of  its 
tinctorial  power.  It  is  therefore  better  to  leave  the  wool  immersed 
into  the  liquor  for  about  ten  hours,  and' to  replace  it  by  a fresh 
quantity  until  the  colouring  matter  is  exhausted..  The  best  indigo 
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course  d)'e  the  most  stuff,  and  give  the  higher  or  deeper 

H°'utott  Labillaediere  determined  the  commercial  value 
ot  indigo  by  means  of  an  instrument  to  which  he  gave  the  name  of 
colorimeter,  and  which  consists  of  two  perfectly  cylindrical  glass 
tubes  (closed  at  one  end)  of  about  half  an  inch  bore,  and  about 
thirteen  or  fourteen  inches  long.  These  two  tubes  must  be  made 
ot  the  same  glass,  and  of  the  same  diameter  and  thickness.  At 
about  the  sth  part  of  their  length  from  the  closed  end  they  are 
divided  into  two  parts  of  equal  capacity,  the  second  half  bein°- 
graduated  into  100  divisions.  The  two  tubes  are  then  placed  into 
a small  wooden  box  through  two  contiguous  openings  at  the 
upper  part  of  the  box,  and  immediately  behind  which  tubes  two 
square  holes  or  slits,  corresponding  to  the  diameter  of  the  tubes 
are  cut  whilst  the  other  end  of  the  box,  facing  the  tubes  has  an 

at^the  ti  h tb+f  bj  l!0l<iing  the  b°X  before  tbe  %ht,  and’lookino- 
at  the  tubes  through  the  eye-hole,  the  difference  of  hue  of  the 

coloured  liquor  put  into  the  tubes  may  be  easily  appreciated.  The 

inside  of  the  box  should  be  blackened. 

The  operation  is  conducted  thus:-Take  a sample  of  each  parcel 

nowD/IgE  f ^ exannned>  reduee  the  samples  separately  in  fine 
p wder,  by  triturating  and  sifting;  weigh  off  20  grains  of  each 
an  in  roduce  that  quantity  (namely,  20  grains)  into  a small 
matrass  perfectly  clean  and  dry,  pour  Iipon  it  400  grains  of Ton- 
centrated  sulphuric  acid  of  specific  gravity  1-845,  and  leave  the 
oe  exposed  to  a gentle  heat  of  about  ioo°  or  uo°Fahr  for 
about  one  hour,  shaking  the  matrass  from  time  to  time  in  order  to 

Cor  l LrlutioD-, , xevhe  ***>  ■>- 

<;5  Jec°me  cold,  the  whole  is  emptied  into  a large  glass 
wefwTa  , hol^fo„r  pints  of  liqL,  storing  the  XL 

water  which  l°d  5 ^ sb°uld  be  wel1  rinsed  with 

addeLnt  l tbl  b°^e  P°Ured  ,lnto  tbe  bottle,  and  more  water  is 
. until  the  bottle  is  completely  filled  up.  Take  now  10  000 

grams-measure  of  this  liquor,  and  pour  them  into  another  bottle 

that  th8  reaker’  WhlCh  8h0Uld  be  left  at  rest  fo1'  a few  hours,  so 
. The  rest  of  the  liquor’  -ot 

:.  several  samples  of  indigo  have  to  be  tested,  the  operation 

■mav  ati  blbed  mU8t  !bC  rePeated  on  20  8™ins  of  each,  so  that  they 
may  all  be  examined  at  the  same  time  and  in  the  same  manner 

I he  solution  having  settled,  a portion  of  it  is  poured  into  the 

t"me  r nUbeS  up,  [°°0;  tb°y  ftre  tben  introduced  into  the 

holes  in  the  box,  and  their  tint  is  examined  by  looking  at  th 
through  the  eye-hole  opposite;  if  a difference  in  the  depth  of^he 
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colour  is  observed,  water  is  added  to  that  which  has  the  deeper 
eo  our  of  the  two  ; the  aperture  of  the  two  being  well  closed  w.th 
the  flu  °er,  the  liquid  is  well  shaken  and  the  tube  is  reintroduced 
back  into  its  bole,  water  being  again  added,  if  need  be’u^ 
colour  in  the  two  tubes  has  acquired  the  same  shade.  Bj  look  g 
at  the  divisions  on  the  tube  to  wbicb  water  bas  been  added,  the 
fnerlr  knows  at  once  the  difference  or  relative  colouring  power 
of  the  two  samples  examined,  for  it  is  evident  that  that  indigo  i 
the  richer  or  of  more  value  which  has  required  a greater  quantity 
of  water  to  be  brought  to  the  same  pitch  or  intensity  of  colom  . 

the  The"  value  of  indigo  may  also  be  tested  in  the  following 
v • Take  a portion  of  the  indigo  to  be  examined,  1 educe  it 

TlwdeT  and  wcFToff  a certain  quantity  of  it.  Take  also  twice 
to  powdei  an  „uick-lime  obtained  by  calcining 

for  each  ao  grains  of  indigo 

• hd  off  take  ioooo  grains-measure  of  water ; with  part  of 
weighed  off;  take  io  ooo  g anothcr  portion  of  it  grind 

Enable  o,  holding  the  ^le  » 

is  also  poured^ .the  flask, 

0P7to  flXlSngtrrxtoe  should  he  exposed  for  several 

home  at  a temperature  of  '7®° In'consequence  of 

plunged  in  a water-ha  b heated  to  of  , Jig0,  and 

this  treatment  the  1 b little  protosulphate  of  iron 

the  colouring  matf  '3  ,Sf  lverizedi  m„st  be  dissolved  iu  the 
(face  from  £%%£%  pSsulphate  of  iron  should  be  about 
liquor.  The  quwi  y f As  B00n  M this  is  done,  the 

two-thirds  of  the  lim  1 J it  ig  afrain  placed  in  the 

flask  must  be  closed  and  w, ,11  tojd,  ^ ?rhe  mixture 

water-bath,  and  allowed  gr  J pag  c00ied  the  clear  liquor 
gradually  becomes  sediment  into  a graduated  vessel, 

should  be  siphoned  c louring  matter  becomes  oxidized  by 

up  to  a certain  point,  in  ? nvidation  and  to  keep  the 

the  air,  and  in  order  to  promote  this  <^t!0D,  “ hvdr0chloric 

lime  and  other  foreign  bodies  in  it  has 

acid  should  be  added  to  the  decanted  liquoi. 
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cleared  it  is  poured  on  a weighed  filter,  and  the  precipitate  thus 
separated,  and  which  is  pure  indigo,  being  washed  and  dried  at 
2*12°  Fahr.,  is  then  weighed. 

Suppose,  for  example,  that  the  quantity  of  indigo  operated 
upon  is  100  grains,  which  will  have  required  500  divisions  (50,000 
grains-measure)  of  water,  and  that  200  divisions  (20,000  grains- 
measure)  having  ultimately  been  left  to  oxidize,  have  yielded  1 5 
grains  of  indigo,  the  indigo  under  examination  contained  37I  per 
cent,  of  pure  indigo. 

200  : 15  : : 500  : x — 2>7'S- 

M.  Dana  proposed  another  method  ('  Journal  of  Prac. 
Chem.,’  xxvi.  p..  398),  which  consists  in  boiling  the  indigo  with 
carbonate  of  sodium,  adding  protochloride  of  tin  from  time  to 
time,  and  precipitating  the  clear  solution  by  one  of  bichromate  of 
potassium ; filtering,  washing  the  precipitate  with  dilute  hydro- 
chloric acid  in  order  to  remove  the  hydrate  of  oxide  of  chromium, 
drymg,  and  then  weighing  the  indigo,  which  should  then  be 
incinerated;  and  the  allies  being  deducted  from  the  weight  thus 
obtained,  gives  the  proportion  of  pure  indigo. 

Fi  itsche  s Process. — If  indigo  be  treated  with  a solution  of 
caustic  potash  in  spirits  of  wine,  a small  quantity  of  peculiar 
mdigo  blue  is  obtained  in  the  form  of  scales.  The  process  is  based 
on  the  reduction  of  indigo,  for  which  purpose  spirit  of  wine  is 
used  instead  of  water,  as  in  the  ordinary  process;  and  in  lieu  of 
the  substances  employed  in  other  cases  for  effecting  this  reduction 
grape-sugar  is  substituted  on  account  of  its  solubility  in  alcohol  • 
or  the  same  reason  lime  is  replaced  by  caustic  potash,  or  caustic 

One  part  of  mdigo,  with  one  part  of  grape-sugar,  are  put  into 
a bottle  capable  of  containing  40  parts  of  liquor.  The  bottle  is 
halt  filled  with  boiling  alcohol,  and  the  other  half  with  alcohol 
previously  mixed  with  i£  parts  of  very  concentrated  ley  of  caustic 
soda.  I he  bottle  being  thus  charged  is  strongly  agitated,  and 
then  left  at  rest  for  some  time.  After  the  liquid  has  become 
bright,  it  is  drawn  into  another  bottle  by  means  of  a siphon, 
ihe  liquor  thus  obtained,  whilst  protected  from  the  contact  of 
the  air,  13  of  a yellowish-red  colour,  and  so  dark  that  it  appears 
transparent  only  when  in  thin  layers.  As  soon,  however,  as  it  is 
exposed  to  the  influence  of  the  oxygen  of  the  air  it  becomes 
purple,  and  quickly  passes  through  the  different  tinges  of  red 
violet,  and  blue,  whilst  the  whole  of  the  indigo  blue  is  deposited 
in  the  form  of  scales.  This  is  obtained  as  a very  fine  lie-ht 
crystalline  powder ; whilst  all  the  other  substances  contained  in 
commercial  indigo  either  remain  undissolved  at  the  commence- 
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ment,  or  remain  in  solution  whilst  the  blue  colouring  matter  is 
depositing.  After  the  indigo  blue  has  been  placed  on  a filter 
and  washed  with  a little  alcohol,  it  must  he  washed  with  water, 
and  this  is  easily  and  speedily  effected.  On  the  crystals  minute 
globules  of  a substance  insoluble  in  alcohol  are  commonly  deposited, 
which,  however,  easily  dissolve  in  water,  and  are  produced  by  the 
action  of  caustic  soda  on  the  grape-sugar. 

Commercial  indigo  seldom  contains  50  per  cent,  of  blue 
colouring  matter ; the  remainder  consists  of  either  accidental  or  of 
intentional  impurities.  In  general  it  may  be  said  that  the 
lighter  the  specific  gravity  of  the  lumps  of  indigo,  the  better  the 
drug. 

IODIDE  OP  potassium:  (Hydriodate  of  Potash). — 

Iodide  of  potassium  is  employed  for  medicinal  purposes,  and  is 
extensively  used  in  photography. 

Iodide  of  potassium  is  white  and  opaque ; it  has  a pungent 
taste,  and  it  emits  purple  fumes  when  treated,  with  the  help  of 
heat,  by  either  nitric  or  by  sulphurie  acid;  it  crystallizes  in 
cubes.  100  parts  of  water  at  64°  Fahr.  dissolve  143  parts  of 
iodide  of  potassium. 

Commercial  iodide  of  potassium  is  sometimes  contaminated  by 
chloride  of  potassium  or  other  chlorides ; occasionally  it  contains 
also  some  potash  or  carbonate  of  potassium , and  likewise  iodate  of 
potassium,  especially  when  manufactured  on  a large  scale. 

Pure  iodide  of  potassium  should  entirely  dissolve  in  water 
and  in  alcohol;  it  should  have  no  action,  or  only  in  a very 
trifling  degree,  upon  litmus-  or  turmeric-paper ; it  should  not  lose 
weight  by  ignition ; if  it  does,  the  loss  is  probably  water. 

Iodide  of  potassium  gives,  with  excess  of  tartaric  acid,  a white 
granular  precipitate  ; with  nitrate  of  silver,  a yellowish  one,  which 
is  insoluble  in  dilute  nitric  acid,  and  almost  insoluble  in  ammonia, 
turning,  however,  white  ; and  a vermilion  red  precipitate  with 
bichloride  of  mercury  soluble  in  excess  of  the  solution  or  the 
reagent;  it  gives  a violet  blue  colour  with  a little  mucilage  of  starch 
upon  subsequent  addition  of  a few  drops  of  chlorine  water,  by 
wliicb  it  is  distinguished  from  bromide  and  chloride  of  potassium. 

Impurities  and  Adulterations. — Dissolve  about  a drachm  of  the 
salt  in  about  a fluid  drachm  of  water,  and  add  1 £ oz.  of  strong 
alcohol  The  solution  should  remain  clear ; a turbidity  indicates 
foreign  salts,  e.g.  carbonate,  sulphate,  iodate , nitrate.  Should  a 
notable  precipitate  take  place,  collect  it  on  a filter,  wash  with 
alcohol,  redissolve  in  a few  drops  of  hot  water,  and  test  with 
turmeric-  or  red  litmus-paper.  If  the  tumeric-paper  become  brown 
and  the  red  litmus-paper  blue,  a carbonate  is  present ; acidulate 
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the  rest  of  the  solution  with  hydrochloric  acid,  and  test  for 
sulphate  by  the  addition  of  a drop  of  chloride  of  barium,  and  for 
nitrate  by  tinging  it  faintly  with  sulphuric  acid  and  indigo  solution, 
and  heating.  Iodate  of  Potassium  is  detected  in  an  aqueous  solu- 
tion of  the  salt  by  adding  a few  drops  of  mucilage  of  starch,  and 
then  a few  drops  of  concentrated  solution  of  tartaric  acid  insufficient 
to  cause  a precipitate ; if  iodate  be  contained  in  the  salt,  a violet 
colouration  of  the  liquid  will  occur  at  once  ; or  the  aqueous  solu- 
tion mixed  with  a few  drops  of  concentrated  solution  of  tartaric 
acid  may  be  shaken  with  some  chloroform,  which  will  assume  a 
red  colour  when  iodate  is  present. 

Chloride  and  bromide  are  detected  by  carefully  precipitating  a 
warm  diluted  aqueous  solution  of  the  salt  with  nitrate  of  silver ; a 
slight  excess  of  ammonia  is  then  added,  and  after  agitation,  the 
mixture  filtered,  and  the  filtrate  supersaturated  with  nitric  acid. 
Since  ammonia  dissolves  only  a trace  of  iodide  of  silver,  the 
transparency  of  the  liquid  must  not  be  at  all,  or  only  slightly 
impaired;  a white  precipitate  indicates  bromide  or  chloride. 
In  order  to  distinguish  these  the  precipitate  is  collected  on  a 
filter  and  washed  with  a little  water  until  this  ceases  to  redden- 
blue  litmus-paper;  the  filter  is  then  pierced  by  a glass  rod  and 
the  precipitate  rinsed  into  a test-tube;  after  subsidence  the 
water  is,  as  far  as  possible,  decanted,  and  chlorine  water  added 
and  agitated  with  the  precipitate.  Since  chlorine  decomposes 
bromide  of  silver,  dissolving  the  disengaged  bromine  with  a 
yellow  colour,  bromine  will  be  recognised  by  a more  or  less  deep 
colouring  of  the  fluid,  while  chloride  of  silver  remains  unchanged 
and  without  any  action  on  chlorine  water.  TVfien  chloroform  or 
ether  is  then  added  to  the  fluid  and  agitated,  it  will  absorb  the 
bromine  and  the  yellow  colour  from  the  water. 

A quantitave  estimation  of  the  purity  of  iodide  of  potassium 
may  be  made  by  completely  precipitating  with  nitrate  of  silver  a 
warm  solution  of  io  grains  of  the  salt' in  about  one  ounce  of 
water.  After  cooling  and  subsidence  the  supernatant  liquid  is 
carefully  decanted;  one  fluid  drachm  of  pure  ammonia,  diluted 
with  two  drachms  of  water,  is  then  added  to  the  precipitate,  and 
after  agitation  for  a few  minutes  the  latter  is  collected  upon  a 
tared,  moist  filter,  is  washed  with  a little  water,  and  dried  at  a 
temperature  not  exceeding  8o°  C.  If  the  iodide  of  potassium  was 
pure,  14-1  grains  of  silver  salt  should  be  obtained. 

iodine.— Iodine  is  a simple  body,  solid  at  the  ordinary 
temperature,  of  a bluish-black  colour  and  metallic  lustre  like 
black  lead ; it  is  often  met  with  in  flakes  or  in  plates.  It  is  soft 
and  friable  to  the,  touch,  its  taste  is  very  acrid,  and  its  odour 
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resembles  that  of  chlorine.  When  touched,  it  leaves  a brown 
stain  on  the  skin,  but  the  stain  disappears  by  evaporation.  Its 
structure  is  lamellated  ; its  specific  gravity  is  4'946. 

Iodine  is  sometimes  adulterated  with  • graphite  (black-lead, 
plumbago),  peroxide  of  manganese , crude  antimony,  micaceous  iron 
ore , with  coals,  &c.  As,  however,  iodine  is  entirely  soluble  in 
alcohol,  these  sophistications  are  very  easily  detected.  Iodine, 
besides  being  entirely  volatilizable  by  heat  in  fine  purple  fumes, 
readily  condensible,  may  be  thus  easily  separated  by  sublimation, 
at  about  356°  Fahr.,  and  directly  weighed,  separately  from  the 
fraudulent  additions. 

If  dissolved  in  alcohol,  the  iodine  may  be  readily  recovered, 
simply  by  pouring  into  the  alcoholic  solution  a sufficient  quantity 
of  water,  which  precipitates  it  in  the  form  of  a brown  powder, 
which  may  be  collected  on  a filter,  carefully  dried,  and  weighed. 

The  iodine  met  with  in  commerce  is  generally  adulterated  by 
variable  proportions  of  water,  sometimes  to  the  extent  of  15  or 
1 8 per  cent.  This  impurity  may  be  detected  by  pressing  it  gently 
between  two  folds  of  blotting-paper,  and  then  putting  it  under  a 
glass  bell,  in  a shallow  basin  or  capsule,  by  the  side  of  or  above 
a dish  containing  caustic  lime  or  concentrated  sulphuric  acid,  by 
which  the  moisture  is  absorbed.  When  the  weight  diminishes  no 
longer,  the  loss  indicates  the  amount  of  water. 

Assay  of  Commercial  Iodine  (Mohr’s  method,  modified  by 
M.  A.  Robierre). — Make  a concentrated  solution  of  iodide  of 
potassium  ; this  is  to  dissove  the  iodine  which  is  to  be  tested.  A 
standard  solution  of  arsenite  of  sodium  is  obtained  by  dissolving 
4-95  grammes  of  arsenious  acid  with  14-5  grammes  of  crystallised 
carbonate  of  sodium,  and  diluting  the  aqueous  liquid  to  1 litre. 
This  solution  should  decolorize  an  iodized  liquid  containing  12-688 
grammes  of  iodine  per  litre.  But  supposing  that  the  arsenious 
acid  may  not  have  this  reducing  power,  the  test  wall  be  none  the 
less  exact,  as  at  the  time  of  performing  it  the  relation  of  a given 
weight  of  pure  iodine  to  the  arsenite  will  also  be  determined.  A 
somewhat  concentrated  solution  of  bicarbonate  of  sodium  is  also 
to  be  prepared. 

The  analysis  is  best  effected  in  a small  stoppered  flask.  Into 
this  are  put  10  c.c.  of  the  arsenite  of  sodium,  to  which  must  be 
added  5 c.c.  of  bicarbonate  of  sodium ; the  whole  then  receives 
a further  addition  of  about  4 c.c.  of  perfectly  colourless  benzol. 
Weigh  a certain  quantity  of  pure  iodine  between  two  watch- 
glasses;  dissolve  this  in  the  concentrated  solution  of  iodide 
of  potassium  prepared  beforehand,  and  which  must  be  of  the  same 
strength  in  all  the  various  estimations  which  may  be  made;  with 
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this  coloured  solution  fill  a flask  containing  100  c.c.,  shake  it,  and 
pour  the  contents  into  a graduated  burette.  On  allowing  the 
iodized  solution  to  fall  into  the  arsenite  drop  by  drop,  and  stirring 
it  quickly,  the  brown  colour  will  be  seen  to  disappear  instanta- 
neously ; but  scarcely  will  all  the  arsenite  have  been  changed  to 
arseniate  when  the  solution  of  iodine  will  produce  a double  re- 
action : in  the  first  place,  the  benzol  will  turn  red  ; secondly,  the 
aqueous  liquid,  which  was  perfectly  colourless  at  the  beginning  of 
the  operation,  assumes  a very  sensible  yellowish  tinge — the  sig- 
nificant character  of  this  is  the  more  surprising  when  we  remem- 
ber the  very  small  quantity  of  iodine  which  causes  it, 

A second  experiment  is  now  to  be  performed  upon  the  iodine 
to  be  estimated ; and  the  same  weight  being  used,  its  standard  is 
at  once  shown,  since  the  volume  of  the  solution  requisite  to 
destroy  the  alkaline  arsenite  is  in  inverse  proportion  to  the  quan- 
tity of  real  iodine  to  be  determined. 

IROTC  (Analysis  of  iron  Ores). — Iron  ore  is  the  name  given 
to  any  substance  containing  enough  iron  to  repay  the  expense  of 
extracting  it;  and  as  even  small  proportions  of  phosphorus,  or  of 
sulphur , or  of  arsenic , are  exceedingly  prejudicial  to  the  quality  of 
iron,  the  toughness  of  which  they  either  impair  or  destroy,  the 
ores  containing  any  of  these  substances  in  quantity  are  rejected. 

Ihe  ores  of  iron  most  generally  employed  are  the  magnetic 
oxide  of  iron , anhydrous  peroxide  of  iron,  hydrate  of  peroxide 
of  iron,  carbonate  of  protoxide  of  iron  (black  band),  argilaceous 
carbonate  of  iron  (clay  iron-stone). 

Dry  Assay  of  Iron  Ores. — The  object  of  the  dry  assay  of  an  iron 
oie  is  to  ascertain,  by  an  experiment  on  a small  scale,  the  amount 
ol  iron  which  the  ore  should  yield  when  smelted  on  the  large  scale 
in  the  blast-1  urnace.  For  this  purpose  the  metal  must  be  de- 
oxidized, and  such  a temperature  produced  as  to  melt  the  metal 
and  the  earths  associated  with  it  in  the  ore,  so  that  the  former 
may  be  obtained  as  a dense  button  at  the  bottom  of  the  crucible, 
and  the  latter  in  a lighter  glass  or  slag  above  it.  Such  a tem- 
perature can  only  be  obtained  in  a wind-furnace,  connected  with 
a chimney  at  least  thirty  feet  high  ; and  when  made  expressly  for 
assaying,  the  furnace  is  generally  built  of  such  a size  that  four 
assays  may  be  made  at  the  same  time,  namely,  about  fourteen 
inches  square  and  two  feet  in  depth  from  the  under  side  of  the 
cover  to  the  movable  bars  of  iron  which  form  the  grate.  In 
order  that  the  substances  associated  with  the  iron  in  the  ore 
should  torm  a fusiole  compound,  it  is  usually  requisite  to  add  a 
flux,  the  nature  of  which  will  depend  on  the  character  of  the  ore 
under  examination.  Berthier  divides  iron  ores  into  five  classes 
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1.  The  almost  pure  oxides,  such  as  the  magnetic  oxide,  ologistic 
iron,  and  the  hcematites.  2.  Ores  containing  silica,  hut  free,  or 
nearly  so,  from  any  other  admixture.  3.  Ores  containing  silica 
and  various  bases,  such  as  lime , magnesia,  alumina,  oxide  of  man- 
ganese, oxide  of  titanium,  oxide  of  tantalum , oxide  of  chromium, 
or  oxide  of  tungsten,  but  little  or  no  silica.  4.  Ores  containing 
silica,  lime,  and  another  base,  and  which  are  fusible  alone.  Ores 
of  the  first  class  may  be  reduced  without  any  flux ; but  it  is 
always  better  to  employ  one,  as  it  greatly  facilitates  the  formation 
of  the  button : borax  may  he  used,  or,  better,  a fusible  earthy 
silicate,  such  as  ordinary  flint-glass.  Ores  of  the  second  class 
require  some  base  to  serve  as  a flux,  such  as  carbonate  of  sodium, 
or  a mixture  of  carbonate  of  calcium  and  clay,  or  of  carbonate  of 
calcium  and  dolomite.  Ores  of  the  third  class  are  mixed  with 
carbonate  of  calcium  in  the  proportion  of  from  one-half  to  three- 
fourths  of  the  weight  of  the  foreign  matter  present  in  the  ore. 
Ores  of  the  fourth  class  require  as  a flux  silica  in  the  form  of 
rounded  quartz,  and  generally  also  some  lime.  The  manganesian 
spathic  ores,  which  belong  to  this  class,  may  be  assayed  witli  the 
addition  of  silica  alone,  but  the  magnesian  spathic  ores  require 
lime.  Ores  of  the  fifth  class  require  no  flux. 

Method  of  Conducting  the  Assay. — One  hundred  grains  of  the 
ore,  finely  pulverized  and  passed  through  a silk  sieve,  are  well 
mixed  with  the  flux,  and  the  mixture  introduced  into  the  smooth 
cavity  made  in  the  centre  of  a crucible  that  has  been  lined  with 
charcoal.  The  lining  of  the  crucible  is  effected  by  partially 
filling  it  with  coarsely  powdered  and  slightly  damped  charcoal, 
which  is  then  rammed  into  a solid  form  by  the  use  of  a light 
wooden  pestle.  The  mingled  ore  and  flux  must  he  covered  with 
charcoal.  The  crucible,  thus  filled,  is  closed  with  an  earthen  lid 
luted  on  with  fire-clay,  and  is  then  set  on  its  base  in  the  air- 
furnace.  The  heat  should  he  very  slowly  raised,  the  damper 
remaining  closed  during  the  first  half  hour.  In  this  way  the  water 
of  the  damp  charcoal  exhales  slowly,  and  the  deoxidation  of  the  ore 
is  completed  before  the  fusion  begins;  if  the  heat  were  too  high 
at  first,  the  luting  would  probably  split,  and  moreover  the  slag 
formed  would  dissolve  some  oxide  of  iron,  which  would  of  course 
be  lost  to  the  button,  and  thus  give  an  erroneous  result.  After 
half  an  hour  the  damper  is  gradually  opened,  and,  the  furnace 
being  filled  with  fresh  coke,  the  temperature  is  raised  progressively 
to  a white  heat,  at  which  pitch  it  must  be  maintained  for  a 
quarter  of  an  hour ; the  damper  is  then  closed,  and  the  furnace 
allowed  to  cool.  As  soon  as  the  temperature  is  sufficiently 
reduced,  the  crucible  is  removed,  and  opened  over  a sheet  ot  brown 
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paper;  the  brasque  is  carefully  removed,  and  the  button  of  cast 
iron  taken  out  and  weighed.  If  the  experiment  has  been  entirely 
successful,  the  iron  will  be  found  at  the  bottom  of  the  crucible  in 
a small  rounded  button,  and  the  slag  will  be  entirely  free  from 
any  adhering  metallic  globules,  and  will  resemble  in  appearance 
green  bottle-glass ; should,  however,  the  slag  contain  small 
metallic  particles,  the  experiment  is  not  necessarily  a failure,  as 
they  may  generally  be  recovered  by  washing,  and  the  magnet; 
but  if,  on  breaking  the  crucible,  the  reduced  metal  should  be 
found  in  a partially  melted  state,  and  not  collected  into  a distinct 
mass,  it  indicates  either  too  low  a temperature  or  an  improper 
selection  of  fluxes,  and  the  experiment  must  be  repeated.  The 
iron  obtained  is  not  chemically  pure  ; it  contains  carbon , and,  if 
the  ore  be  manganiferous,  manganese  : the  result  is  therefore 
somewhat  too  high,  though  indicating  with  sufficient  exactness, 
for  all  manufacturing  purposes,  the  richness  of  the  ore  assayed. 

Humid  Assay  of  Iron  Ores. — Too  great  care  cannot  be  bestowed 
on  the  sampling  of  ores  intended  for  analysis.  To  expend  so  much 
time  and  labour  on  an  isolated  specimen  (unless  for  a special 
object)  is  worse  than  useless.  The  sample  operated  upon  should 
be  selected  from  a large  heap,  which  should  be  thoroughly  gone 
over,  and  several  pieces  taken  from  different  parts;  these  should 
be  coarsely  powdered  and  mixed,  and  about  half  a pound  taken 
from  the  mass  should  be  preserved  in  a well-stoppered  bottle  for 
the  analysis. 

(1.)  Determination  of  Water  ( hygroscopic  and  combined). — 
About  50  grains  of  the  ore  are  dried  in  the  water-oven,  till  no 
further  loss  of  weight  takes  place  ; the  loss  indicates  hygroscopic 
water ; the  residue  is  introduced  into  a tube  of  hard  glass,  to 
which  is  adapted  a weighed  tube  containing  chloride  of  calcium  ; 
the  powder  is  then  gradually  raised  to  a low  red-heat,  the  com- 
bined water  is  thereby  expelled,  and  its  amount  determined  by 
the  increase  in  weight  of  the  chloride  of  calcium  tube.  Some 
ores  (the  hydrated  htematites)  contain  as  much  as  12  per  cent, 
of  combined  water. 

(2.)  Sulphuric  Acid  and  Sulphur. — From  30  to  50  grains  of  the 
ore  are  digested  with  hydrochloric  acid,  filtered,  and  washed. 
The  filtrate — concentrated,  if  necessary,  by  evaporation — is  pre- 
cipitated by  excess  of  chloride  of  barium.  The  insoluble  residue 
on  the  filter  is  fused  in  a platinum  or  gold  crucible  with  nitre  and 
carbonate  of  sodium ; the  fused  mass  is  dissolved  in  hydrochloric 
acid,  evaporated  to  dryness,  redissolved  in  dilute  hydrochloric 
acid,  filtered,  and  precipitated  as  before  by  chloride  of  barium ; 
every  100  parts  of  the  sulphate  of  barium  produced  indicate  13734 
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parts  of  sulphur,  corresponding  with  25-48  parts  of  pyrites.  In 
the  analysis  of  haematites,  it  is  necessary  to  hear  in  mind  that 
perchloride  of  iron  is  partially  reduced  when  boiled  with  finely 
divided  iron  pyrites  and  hydrochloric  acid,  sulphuric  acid  being 
formed.  (Dick.) 

(3.)  Phosphoric  Acid. — From  50  to  75  grains  of  the  ore  are 
digested  with  hydrochloric  acid,  and  filtered.  The  clear  solution, 
which  should  not  be  too  acid,  is  boiled  with  sulphite  of  ammo- 
nium, added  gradually  in  small  quantities,  till  it  either  becomes 
colourless  or  acquires  a pale  green  colour,  indicating  that  the  per- 
oxide of  iron  originally  present  has  been  reduced  to  protoxide. 
The  solution  is  nearly  neutralized  with  carbonate  of  ammonium, 
excess  of  acetate  of  ammonium  added,  and  the  liquid  boiled ; 
strong  solution  of  perchloride  of  iron  is  then  added,  drop  by  drop, 
until  the  precipitate  which  forms  has  a distinct  red  colour : this 
precipitate,  which  contains  all  the  phosphoric  acid  originally  pre- 
sent in  the  ore,  is  collected  on  a filter,  washed,  and  redissolved  in 
hydrochloric  acid,  tartaric  acid  added,  and  then  ammonia.  From 
this  ammoniacal  solution  the  phosphoric  acid  is  finally  pre- 
cipitated as  ammonio-magnesian  phosphate,  by  the  addition  of 
chloride  of  ammonium,  sulphate  of  magnesium,  and  ammonia. 
The  precipitate  is  allowed  twenty-four  hours  to  subside ; it  is 
then  collected  on  a filter ; and  if  it  has  a yellow  colour,  which  is 
almost  invariably  the  case,  it  is  redissolved  in  hydrochloric  acid, 
and  more  tartaric  acid  being  added,  it  is  again  precipitated  by 
ammonia.  100  parts  of  the  ignited  pyrophosphate  of  magnesium 
correspond  to  64-3  parts  of  phosphoric  acid. 

(4.)  Determination  of  the  remaining  Constituents. — 25  or  30 
grains  of  the  finely-powdered  ore  are  digested  for  about  half  an 
hour  with  strong  hydrochloric  acid,  diluted  with  boiling  distilled 
water,  and  filtered.  The  residue  on  the  filter  being  thoroughly 
washed,  the  solution  is  peroxidized,  if  necessary,  by  the  addition 
of  chlorate  of  potassium,  nearly  neutralized  by  ammonia,  boiled 
with  excess  of  acetate  of  ammonium,  and  rapidly  filtered  while  hot ; 
the  filtrate  (which  should  be  colourless),  together  with  the  wash- 
ings, is  received  in  a flask,  ammonia  is  added,  and  then  a few 
drops  of  bromine,  and  the  flask  closed  with  a cork.  In  a few 
minutes,  if  manganese  be  present,  the  liquid  acquires  a dark 
colour ; it  is  allowed  to  remain  at  rest  for  twenty-four  hours,  then 
warmed,  and  rapidly  filtered  and  washed ; the  brown  substance  on 
the  filter  is  hydrated  peroxide  of  manganese : it  loses  its  water  by 
ignition,  and  then  becomes  Mn3  04,  100  parts  of  which  correspond 
to  92-14  parts  of  protoxide. 

The  liquid  filtered  from  the  manganese  contains,  the  lime  and 


IRON. 


21/ 


vicignesia ; the  former  is  precipitated  by  oxalate  of  ammonium,  and 
the  oxalate  of  calcium  formed  converted  by  ignition  into  car- 
bonate, in  which  state  it  is  either  weighed  (having  been  previously 
evaporated  with  carbonate  of  ammonium),  or  it  is  converted  into 
sulphate  by  the  addition  of  a few  drops  of  sulphuric  acid,  evapora- 
tion, and  ignition.  The  lime  being  separated,  the  magnesia  is 
thrown  down  as  ammonio-magnesian  phosphate  by  phosphate  of 
sodium  and  ammonia ; and  after  standing  for  twenty-four  hours  it 
is  collected  on  a filter,  washed  with  cold  ammonia- water,  dried, 
ignited,  and  weighed,  igo  parts  of  carbonate  of  calcium  correspond 
to  56-0  of  lime,  100  parts  of  sulphate  of  calcium  to  40'  1 of  lime,  and 
100  parts  of  pyrophosphate  of  magnesium  to  36'22  of  magnesia. 

The  red  precipitate  collected  on  the  filter  after  the  boiling 
with  acetate  of  ammonium  consists  of  the  basic  acetate  of  iron , 
and  perhaps  of  aluminium,  together  with  the  phosphoric  acid.  It  is 
dissolved  in  a small  quantity  of  hydrochloric  acid,  and  then  boiled 
in  a silver  or  platinum  basin  with  considerable  excess  of  pure  caustic 
potassa ; the  alumina  (with  the  phosphoric  acid)  is  hereby  dis- 
solved, the  insoluble  portion  is  allowed  to  subside,  and  the  clear 
liquid  is  then  decanted,  after  which  the  residue  is  thrown  on  a 
filter  and  washed ; the  filtrate  and  washings  are  supersaturated 
with  hydrochloric  acid,  nearly  neutralized  with  ammonia,  and  the 
alumina  finally  precipitated  by  carbonate  of  ammonium.  From 
the  weight  of  the  ignited  precipitate  the  corresponding  amount  of 
phosphoric  acid,  determined  by  a separate  operation,  is  to  be 
deducted ; the  remainder  is  calculated  as  alumina.  The  residue 
left  after  digesting  the  ore  with  hydrochloric  acid  consists  prin- 
cipally of  silica,  but  it  may  also  contain  alumina , peroxide  of  iron , 
lime , magnesia,  and  jjotassa.  For  practical  purposes,  it  is  rarely 
necessary  to  submit  it  to  minute  examination ; should  such  be 
desired,  it  must  be  dried,  ignited,  and  weighed,  then  fused  in  a 
platinum  crucible  with  four  times  its  weight  of  mixed  alkaline 
carbonates,  the  fused  mass  dissolved  in  dilute  hydrochloric  acid, 
and  evaporated  to  dryness,  the  residue  moistened  with  strong 
hydrochloric  acid ; and  after  standing  at  rest  for  some  hours, 
digested  with  hot  water,  filtered,  and  the  silica  on  the  filter  ignited 
and  weighed.  The  alumina , lime , oxide  of  iron , and  magnesia  in 
the  filtrate,  are  separated  from  each  other  according  to  the  instruc- 
tions given  above ; the  potassa  is  estimated  by  a distinct  process. 

(5.)  Carbonic  Acid. — This  acid,  which  constitutes  a con- 
siderable part  of  the  weight  of  that  large  and  important  class  of 
ores,  the  clay  ironstones,  is  estimated  by  noting  the  loss  sustained 
after  adding  to  a weighed  portion  of  the  ore  sulphuric  acid,  and 
thus  evolving  the  gas  j or  more  roughly,  by  the  loss  sustained  in 
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the  entire  analysis.  Another  method  is  to  fuse  20  or  25  grains  of 
the  ore  with  60  or  80  grains  of  dry  borax,  and  noting  the  loss, 
which  consists  of  water  and  carbonic  acid  ; by  deducting  the 
water  obtained  in  a previous  experiment,  the  quantity  of  carbonic 
acid  is  obtained.  This  method,  however,  can  scarcely  be  recom- 
mended on  account  of  the  corrosion  of  the  crucible,  though  the 
results  are  very  accurate. 

(6.)  Determination  of  the  Iron. — This  is  performed  on  a 
separate  portion  of  the  ore,  either  by  the  volumetric  method  of 
Marguerite,  or  by  that  of  Dr.  Penny.  Both  give  very  exact 
results. 

(a.)  Marguerite' s Method. — This  is  based  on  the  reciprocal 
action  of  the  salts  of  protoxide  of  iron  and  permanganate  of 
potassium,  whereby  a quantity  of  the  latter  is  decomposed  exactly 
proportionate  to  the  quantity  of  iron.  The  ore  (about  10  or  15 
grains)  is  dissolved  in  hydrochloric  acid,  and  the  metal  brought  to 
the  minimum  of  oxidation  by  boiling  the  solution  with  sulphite  of 
sodium  (or  better,  by  pure  metallic  zinc)  ; the  solution  of  perman- 
ganate of  potassium  is  then  cautiously  added  drop  by  drop,  until 
the  pink  colour  appears,  and  the  number  of  divisions  of  the 
burette  required  for  the  purpose  accurately  noted.  The  solution 
should  be  considerably  diluted,  and  there  must  be  a sufficient 
quantity  of  free  acid  present  to  keep  in  solution  the  peroxide  of 
iron  formed,  and  also  the  oxide  of  manganese.  The  whole  of  the 
iron  must  be  at  the  minimum  of  oxidation,  and  the  excess  of 
sulphurous  acid  must  be  completely  expelled  : if  the  latter  pre- 
caution be  neglected  an  erroneous  result  will  be  obtained,  as  the 
sulphurous  acid  will  itself  take  oxygen  from  the  permanganic  acid, 
and  thus  react  in  the  same  manner  as  iron. 

To  prepare  the  permanganate  of  potassium,  7 parts  of  chlorate  of 
potassium,  10  parts  of  hydrate  of  potassa,  and  8 parts  of  peroxide  of 
manganese,  are  intimately  mixed.  The  manganese  must  be  in  the 
finest  possible  powder,  and  the  potassa  having  been  dissolved  in 
water,  is  mixed  with  the  other  substances,  dried,  and  the  whole 
heated  to  very  dull  redness  for  an  hour.  The  fused  mass  is 
digested  with  water,  so  as  to  obtain  as  concentrated  a solution  as 
possible,  and  dilute  nitric  acid  added  till  the  colour  becomes 
violet ; it  is  afterwards  filtered  through  asbestos.  The  solution 
must  be  defended  from  the  contact  of  organic  matter,  and  kept 
in  a glass-stoppered  bottle.  If  the  solution  be  evaporated,  it 
yields  beautiful  red  acicular  crystals.  It  is  better  to  employ  the 
crystals  in  the  preparation  of  the  test-liquor,  as  the  solution  keeps 
much  better  when  no  manganate  is  present.  To  prepare  the 
normal  or  test-liquor,  a certain  quantity,  say  5 grains,  of  piano- 
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forte  wire  are  dissolved  in  pure  hydrochloric  acid ; after  the 
. disengagement  of  hydrogen  has  ceased,  and  the  solution  is  com- 
plete, the  liquor  is  diluted  with  about  a pint  of  water,  and  accurately 
divided  by  measurement  into  two  equal  parts,  the  number  of 
burette  divisions  of  the  solution  of  permanganate  required  to 
produce  in  each  the  pink  colour  is  accurately  noted,  and  this  num- 
ber is  then  employed  to  reduce  into  weight  the  result  of  the 
analysis  of  an  ore.  A useful  normal  liquor  is  made  by  dissolving 
100  grains  of  the  crystals  in  10,000  grains  of  water. 

(b.)  Penny's  Method. — This  is  based  on  the  reciprocal  action  of 
chromic  acid  and  protoxide  of  iron,  whereby  a transference  of  oxygen 
takes  place,  the  protoxide  of  iron  becoming  converted  into  peroxide, 
and  the  chromic  acid  into  sesquioxide  of  chromium.  The  process 
is  conducted  as  follows  : — A convenient  quantity  of  the  specimen 
is  reduced  to  coarse  powder,  and  one-half  at  least  of  this  is  still 
further  pulverized  until  it  is  no  longer  gritty  between  the  fingers. 
The  test-solution  of  bichromate  of  potassium  is  next  prepared;  444 
grains  of  this  salt,  in  fine  powder,  are  weighed  out,  and  put  into 
a burette  graduated  into  100  equal  parts,-  warm  distilled  water  is 
afterwards  poured  in  until  the  instrument  is  filled  to  o.  The  palm 
of  the  hand  is  then  securely  placed  on  the  top,  and  the  contents 
agitated,  by  repeatedly  inverting  the  instrument,  until  the  salt 
is  dissolved,  and  the  solution  rendered  of  uniform  density 
throughout.  Each  division  of  the  solution  thus  prepared  contains 
o-444  grain  of  bichromate,  which  Dr.  Peknt  ascertained  to 
correspond  to  half  a grain  of  metallic  iron.  The  bichromate  must 
be  pure,  and  should  be  thoroughly  dried  by  being  heated  to 
incipient  fusion.  100  grains  of  the  pulverized  ironstone  are  now 
introduced  into  a Florence  flask,  with  1^  oz.  by  measure  of  strong- 
hydrochloric  acid  and  £ oz.  of  water : heat  is  cautiously  applied, 
and  the  mixture  occasionally  agitated,  until  all  effervescence 
caused  by  the  escape  of  carbonic  acid  ceases ; the  heat  is  then 
increased,  and  the  mixture  made  to  boil,  and  kept  at  a moderate 
ebullition  for  ten  minutes  or  a quarter  of  an  hour ; about  6 oz.  of 
water  are  next  added,  and  mixed  with  the  contents  of  the  flask, 
and  the  whole  filtered  into  an  evaporating-basin.  The  flask  is 
rinsed  several  times  with  water,  to  remove  all  adhering  solution, 
and  the  residue  on  the  filter  is  well  washed.  Several  small 
portions  of  a weak  solution  of  red  fetricyanide  of  potassium  (con- 
taining 1 part  of  salt  to  40  of  water)  are  now  dropped  upon  a 
white  porcelain  slab,  which  is  conveniently  placed  for  testing  the 
solution  in  a basin  during  the  next  operation.  The  prepared 
solution  of  bichromate  of  potassium  in  the  burette  is  then  added 
very  cautiously  to  the  solution  of  iron,  which  must  be  repeatedly 
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stirred,  and  as  soon  as  it  assumes  a dark  greenish  shade  it  should 
he  occasionally  tested  with  the  ferricyanide  : this  may  easily  he 
done  hy  taking  out  a small  quantity  on  the  end  of  a glass  rod  and 
mixing  it  with  a drop  of  the  solution  on  the  porcelain  slab. 
When  it  is  noticed  that  the  last  drop  communicates  a distinct  blue 
tinge,  the  operation  is  terminated ; the  burette  is  allowed  to  drain 
for  a few  minutes,  and  the  number  of  divisions  of  the  test  liquor 
consumed  read  off.  This  number  multiplied  by  two  gives  the 
amount  of  iron  per  cent.  The  necessary  calculation  for  ascer- 
taining the  corresponding  quantity  of  protoxide  is  obvious.  If  the 
specimen  should  contain  iron  in  the  form  of  peroxide,  the  hydro- 
chloric solution  is  deoxidized  by  sulphite  of  ammonium.  The 
presence  of  peroxide  of  iron  in  an  ore  is  easily  detected  by  dis- 
solving 30  or  40  grains  in  hydrochloric  acid,  diluting  with  water, 
and  testing  a portion  of  the  solution  with  sulpho-cyanide  of 
potassium.  If  a decided  blood-red  colour  is  produced,  peroxide  of 
iron  is  present.  If  it  be  desired  to  ascertain  the  relative  propor- 
tions of  peroxide  and  protoxide  in  an  ore,  two  operations  must 
be  performed,  one  on  a quantity  of  ore  that  has  been  dissolved  in 
hydrochloric  acid  in  a stout  closed  bottle,  or  in  a flask  through 
which  a current  of  carbonic  acid  gas  is  maintained,  and  another 
on  a second  quantity  that  has  been  dissolved  as  usual  and  then 
deoxidized  by  sulphite  of  ammonium  or  by  pure  metallic  zinc.  It 
is  advisable  to  employ  the  solution  of  bichromate  much  weaker 
than  that  proposed  by  Penny,  and  to  employ  a burette  graduated 
to  cubic  millimetres — a good  strength  is  1 grain  of  metallic  iron  = 
10  cubic  centimetres  of  bichromate. 

Metals  Precipitable  by  Sulphuretted  Hydrogen  from  the 
Hydrochloric  Solution. — A weighed  portion  of  the  ore,  varying 
from  500  to  2,000  grains,  is  digested  for  a considerable  time  in 
hydrochloric  acid : the  solution  is  filtered  off ; the  iron  in  the 
filtrate  reduced  when  necessary  by  sulphite  of  ammonium,  and  a 
current  of  sulphuretted  hydrogen  passed  through  it.  The  small 
quantity  of  sulphur  (which  is  always  suspended)  is  collected  on 
a filter  and  thoroughly  washed  ; it  is  then  incinerated  at  as  low  a 
temperature  as  possible.  The  residue  (if  any)  is  mixed  with 
carbonate  of  sodium  and  heated  upon  charcoal  before  the  blowpipe  ; 
any  globules  of  metal  that  may  be  obtained  are  dissolved  and 
tested. 

Analysis  of  Pig-Iron. — The  most  important  constituents  to  be 
determined  are  carbon  (combined  and  uncombined),  silicon, 
sulphur , phosphorus ; those  of  less  consequence,  or  of  more  rare 
occurrence,  are  manganese,  arsenic,  copper,  zinc,  chromium, 
titanium , cobalt,  nickel,  tin,  aluminum,  calcium,  magnesium,  and 
the  metals  of  the  alkalies. 
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(i.)  Determination  of  the  total  Amount  of  Carbon. — About  ioo 
grains  of  the  iron  in  small  pieces  are  digested,  at  a moderate 
temperature,  in  6-oz.  measures  of  a solution  formed  by  dissolving 
6 oz.  of  crystallized  sulphate  of  copper,  and  4 oz.  of  common 
salt  in  20  oz.  of  water  and  2 oz.  of  concentrated  hydrochloric 
acid.  The  action  is  allowed  to  proceed  until  all,  or  nearly  all,  the 
iron  is  dissolved.  Carbon  and  copper  are  left  insoluble  ; these  are 
collected  on  a filter,  aud  washed  first  with  dilute  hydrochloric 
acid  (to  prevent  the  precipitation  of  subchloride  of  copper),  then 
with  water,  then  with  dilute  caustic  potassa,  and  finally  with 
boiling  water.  The  mixed  carbon  and  copper  are  dried  on  the 
filter,  from  which  they  are  easily  removed  by  a knife-blade,  and 
are  mixed  with  oxide  of  copper,  and  burnt  in  a combustion-tube 
in  the  usual  way,  with  a current  of  air  or,  still  better,  of  oxygen. 
The  carbonic  acid  is  collected  in  Liebig’s  apparatus,  and  from  its 
weight  the  amount  of  carbonic  is  calculated. 

(2.)  Graphite,  or  Uncombined  Carbon. — A weighed  portion  of 
the  finely  divided  iron  (filings  or  borings  may  be  used)  is  digested 
with  moderately  strong  hydrochloric  acid ; the  combined  carbon 
is  evolved  m combination  with  hydrogen,  while  the  graphite  is  left 
undissolved.  It  is  collected  on  a filter,  washed,  and  then  boiled 
with  a solution  of  caustic  potassa,  sp.  gr.  1 -27,  in  a silver  dish  ; 
the  silica  which  existed  in  the  form  of  silicon  is  hereby  dissolved  ; 
the  clear  caustic  solution  drawn  off  by  a pipe  or  siphon,  and  the 
black  residue  repeatedly  washed  ; it  is  dried  at  as  high  a tempera- 
ture as  it  will  bear,  and  weighed  j it  is  then  heated  to  redness  in 
a current  of  air,  until  the  whole  of  the  carbon  is  burnt  off.  A 
reddish  residue  generally  remains,  which  is  weighed,  and  the 
weight  deducted  from  that  of  the  original  black  residue ; the 
difference  gives  the  amount  of  graphite.  This  residue  frequently 
contains  titanic  acid.  J 

(3.)  Silicon.— The  amount  of  this  element  is  determined  by 
evaporating  to  dryness  a hydrochloric  solution  of  a weighed 
quantity  of  the  metal : the  dry  residue  is  re-digested  with  hydro- 
chloric acid,  diluted  with  water,  boiled  and  filtered ; the 
insoluble  matter  on  the  filter  is  washed,  dried,  and  ignited,  until 
the  whole  of  the  carbon  is  burnt  off';  it  is  then  weighed,'  after 
which  it  is  digested  with  solution  of  potassa,  and  the  residue,  if 
any,  washed,  dried,  ignited,  and  weighed : the  difference 

between  the  two  weights  gives  the  amount  of  silicic  acid  100 
parts  of  which  indicate  47  parts  of  silicon. 

(4.)  Phosphorus.— A weighed  portion  of  the  metal  is  digested 
in  nitro-hydrochloric  acid,  evaporated  to  dryness,  and  the  residue 
redigested  with  hydrochloric  acid.  The  solution  is  treated  pre 
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cisely  as  recommended  for  the  determination  of  phosphoric  acid 
in  ores ; every  ioo  parts  of  pyrophosphate  of  magnesia  indicate 
28'5  parts  of  phosphorus. 

(5.)  Sulphur. — In  grey  iron  this  element  is  very  conveniently 
and  accurately  estimated  by  allowing  the  gas  evolved  by  the 
action  of  hydrochloric  acid  on  a weighed  quantity  (about  100 
grains)  of  the  metal,  in  filings  or  borings,  to  pass  slowly  through 
a solution  of  acetate  of  lead  acidified  by  acetic  acid  : the  sulphur — 
the  whole  of  which  takes  the  form  of  sulphuretted  hydrogen — 
enters  into  combination  with  the  lead,  forming  a black  precipitate 
of  sulphide  of  lead,  which  is  collected,  washed,  and  converted 
into  sulphate  of  lead,  by  digesting  it  with  nitric  acid,  evaporating 
to  dryness,  and  gently  igniting.  100  parts  sulphate  of  lead  = 
iO‘55  sulphur.  The  most  minute  quantity  of  sulphur  in  iron  is 
detected  by  this  process,  If,  however,  crude  white  iron  is  under 
examination,  this  method  does  not  give  satisfactory  results,  on 
account  of  the  difficulty  with  which  it  is  acted  upon  by  hydro- 
chloric acid ; it  is  better,  therefore,  to  treat  the  metal  with  nitro- 
hydrochloric  acid,  evaporate  to  dryness,  redigest  with  hydro- 
chloric acid,  and  then  precipitate  the  filtered  solution  with  excess 
of  chloride  of  barium  ; or  the  finely  divided  metal  may  be  fused 
in  a gold  crucible  with  an  equal  weight  of  pure  nitrate  of  sodium 
and  twice  its  weight  of  pure  alkaline  carbonates  ; the  fused  mass 
is  extracted  with  water  acidified  with  hydrochloric  acid,  and 
finally  precipitated  by  chloride  of  barium.  M.  Nickels  (‘Jour, 
de  Pharm.  et  de  Chimie  ’)  suggests  the  use  of  pure  bromine  mixed 
with  distilled  water  as  a solvent  for  cast  iron  or  steel. 

(6.)  Manganese. — This  metal  is  determined  by  the  process 
described  for  its  estimation  in  iron  ores;  the  iron  must  exist  in 
the  solution  in  the  form  of  sesquioxide. 

(7.)  Arsenic  and  Copper. — The  nitro-hydrochloric  solution  of 
the  metal  is  evaporated  to  dryness,  redigested  with  hydrochloric 
acid,  and  filtered.  The  iron  in  the  clear  solution  is  reduced  to 
protochloride  by  boiling  with  a sufficient  quantity  of  sulphite  of 
ammonium  ; the  solution  is  boiled  till  it  has  lost  all  smell  of  sul- 
phurous acid.  It  is  then  saturated  with  sulphuretted  hydrogen, 
and  allowed  to  stand  for  twenty-four  hours  in  a closed  vessel,  the 
excess  of  gas  is  boiled  off,  and  the  precipitate,  if  any,  collected 
on  a small  filter  and  well  washed  ; it  is  digested  with  mono- 
sulphide of  potassium,  which  dissolves  the  sulphide  of  arsenic, 
leaving  the  sulphide  of  copper  untouched ; the  latter  is  decom- 
posed by  heating  with  nitric  acid,  and  the  presence  of  copper 
evinced  by  the  addition  of  ammonia,  which  produces  a fine  blue 
colour  ; the  sulphide  of  arsenic  is  precipitated  from  its  solution 
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in  sulphide  of  potassium  by  dilute  sulphuric  acid ; it  may  be 
redissolved  in  aqua-regia,  and  the. nitric  acid  having  been  expelled 
by  evaporation,  the  arsenic  may  be  reduced  in  Marsh’s 
apparatus. 

(8.)  Nickel  and  Cobalt.— These  metals,  if  present,  will  be  found 
in  the  solution  from  which  the  copper  and  arsenic  have  been  pre- 
cipitated  by  sulphuretted  hydrogen.  The  solution  is  peroxidized 
aud  the  sesquioxide  of  iron  precipitated  by  slight  excess  of  car- 
bonate of  barium,  after  which  the  nickel  and  cobalt  are  precipitated 
by  sulphide  of  ammonium. 

(9.)  Chromium  and  Vanadium.— These  metals,  which  should 
be  looked  for  in  the  carbonaceous  residue  obtained  by  dissolving 
a large  quantity  of  the  iron  in  dilute  hydrochloric  or  sulphuric 
acid,  are  detected  as  follows  (Wohler)  The  ignited  residue 
is  intimately  mixed  with  one-third  of  its  weight  of  nitre,  and 
exposed  for  an.  hour  in  a crucible  to  a gentle  ignition.  When 
cool,  the  .mass  is  powdered  and  boiled  with  water.  The  filtered 
solution  is  gradually  mixed  and  well  stirred  with  nitric  acid 
taking  care  that  it  may  still  remain  slightly  alkaline,  and  that  no 
nitrous  acid  is  liberated  which  would  reduce  the  vanadic  and 
chromic  acids.  The  solution  is  then  mixed  with  an  excess  of 
solution  of  chloride  of  barium  as  long  as  any  precipitate  is  pro- 
duced. The  precipitate,  which  consists  of  vanadate  and  chromate 
of  baryta,  is  decomposed  with  slight  excess  of  dilute  sulphuric 
acid,  and  filtered.  The  . filtrate  is  neutralised  with  ammonia 
concentrated  by  evaporation,  and  a fragment  of  chloride  of  am- 
monium placed  in  it.  In  proportion  as  the  solution  becomes 
saturated  with  chloride  of  ammonium,  vanadate  of  ammonium  is 
deposited  as  a white  or  yellow  crystalline  powder.  To  test  for 
chromium  only,  the  mass,  after  fusion  with  nitre  is  extracted  with 
water,  and  then  boiled  with  carbonate  of  ammonium  ; the  solution 
is  neutralized  with  acetic  acid,  and  then  acetate  of  lead  added : 
the  production  of  a yellow  precipitate  indicates  chromic  acid. 

(10.)  Aluminum.— This  metal  is  best  separated  from  iron  by 
first  reducing  the  latter  to  the  state  of  protoxide  by  sulphite  of 
ammonium,  then  neutralizing  with  carbonate  of  sodium,  and  after- 
wards boiling  with  excess  of  caustic  potassa  until  the  precipitate 
is  black  and  pulverulent.  The  solution  is  then  filtered  off,  slightly 
•acidulated  with  hydrochloric  acid,  and  the  alumina  precipitated 
Iby  sulphide  of  ammonium.  1 

(n.)  Calcium  and  Magnesium.— These  metals  are  found  in  the 
•solution  from  which  the  iron  and  aluminum  have  been  separated  • 
'they  both  exist  probably  (together  with  the  aluminum)  in  the 
< cast-iron  in  the  form  of  day,  and  are  best  detected  in  the  black 
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residue  which  is  left  on  dissolving  the  iron  in  dilute  sulphuric  or 
hydrochloric  acid.  After  digesting  this  residue  with  caustic 
potassa,  and  burning  away  the  graphite,  a small  quantity  of  red 
powder  is  left,  which  is  composed  of  silicic  acid,  oxide  of  iron, 
alumina,  lime,  magnesia,  and  perhaps  titanic  acid ; if  500  grains 
of  cast-iron  are  operated  upon,  a sufficient  quantity  of  insoluble 
residue  will  be  obtained  for  a quantitative  determination  of  its 
constituents.  Moderately  strong  acid  should  be  used,  and  no  heat 
applied ; it  should  he  allowed  to  act  on  the  iron  for  about  a week, 
being  repeatedly  agitated. 

(12.)  Determination  of  Carbon  in  Cast-Iron  and  Steel. — About 
100  grains  of  the  steel  in  small  pieces  are  digested  in  6-oz.  mea- 
sures of  a solution  of  chloride  of  copper  made  by  mixing  6 oz.  of 
crystallized  sulphate  of  copper,  and  4 oz.  of  chloride  of  sodium 
with  20  oz.  of  water,  and  2 oz.  of  concentrated  hydrochloric  acid. 
The  mixture  is  warmed  only,  not  heated  so  as  to  evolve  hydrogen. 
The  action  is  allowed  to  proceed  until  all,  or  nearly  all,  of  the  steel 
is  dissolved.  The  residue,  consisting  of  carbon  and  metallic  copper, 
is  collected  on  a filter  and  washed  with  dilute  hydrochloric  acid 
to  prevent  the  precipitation  of  subchloride  of  copper,  then  with 
water,  then  with  dilute  caustic  potassa,  to  ensure  the  removal  of 
all  the  acid,  and  finally  with  water  ; it  is  then  dried.  The  carbon 
and  copper  are  easily  removed  from  the  filter  by  the  blade  of  a 
knife  ; they  are  mixed  with  oxide  of  copper,  and  burnt  in  a com- 
bustion-furnace with  a current  of  air  purified  from  carbonic  acid 
by  passing  through  a solution  of  caustic  potassa ; the  carbonic  acid 
is  collected  as  usual  in  Liebig’s  bulbs  after  drying  by  chloride  of 
calcium.  If  graphite  be  present,  it  will  be  necessary  to  burn  the 
carbon  in  a current  of  oxygen  gas. 

ISINGX.A.SS. — Isinglass  is  a glue,  manufactured  almost  ex- 
clusively in  Russia,  and  is  made  chiefly  of  the  air-bladder  and 
sounds  of  different  kinds  of  fish,  especially  of  the  sturgeon  (Aci- 
penter  Huso).  It  is  the  finest  and  best  of  animal  glues.  The  best 
quality  is  shaped  like  a lyre,  another  quality  is  in  square  pieces 
like  the  leaves  of  a book ; the  lowest  quality  is  of  all  sorts  of 
shapes,  from  its  having  been  dried  without  care. 

Isinglass  is  used  for  culinary  purposes,  for  fining  beer  and 
other  liquids,  for  making  court-plaster,  and  stiffening  silk.  It 
should  be  white,  inodorous,  readily  and  completely  soluble  in  hot 
water,  and  in  cooling  form  a semi-transparent  and  solid  jelly. 

When  a thin  piece  of  genuine  isinglass  is  looked  through,  by 
holding  it  before  the  eye  and  daylight,  a sort  of  shining  appearance, 
or  chatoiement,  may  be  observed. 

Isinglass  is  often  imitated  with  the  intestinal  membranes  of 
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the  calf  and  of  the  sheep  ; this  spurious  article  may  be  recognised, 
because  it  does  not  exhibit  the  shining  appearance  before  alluded 
to  when  held  before  the  light,  and  because,  although  inodorous,  it 
has  a saltish  flavour,  and  is  generally  in  thinner  pieces  than  the 
genuine  isinglass.  If  it  be  torn  asunder,  it  will  be  observed  that 
it  may  be  rent  in  all  directions,  whilst  genuine  isinglass  cannot  be 
divided  otherwise  than  in  the  direction  of  its  fibres.  If  a piece  of 
artificial  isinglass  be  macerated  in  water,  it  swells  ; but  instead  of 
retaining  its  shape,  as  is  the  case  with  genuine  isinglass,  it  be- 
comes dhided  into  small  pieces,  forming  a sort  of  curdy  pre- 
cipitate j and  if  treated  with  boiling  water,  about  one-third  of  its 
weight  is  left  in  an  insoluble  state,  and  the  liquor  does  not  form 
a good  jelly. 

XZX.P  (British  Barilla). — Kelp,  or  British  barilla,  is  an 
alkali  still  more  impure  than  barilla  5 it  is  obtained  in  this  country 
by  burning  various  sea- weeds,  and  seldom  contains  more  than  from 
2 to  5 per  cent,  of  real  soda.  The  manufacture  of  help  is  carried 
on  to  a large  extent  in  Glasgow  for  the  utilization  of  the  potassium 
salts  which  it  yields. 

KUPrER-NICKEl  (Arseniuret  of  nickel). — This  mineral 
is  the  most  abundant  of  the  ores  of  nickel.  It  has  a reddish 
colour,  somewhat  like  copper,  but  it  contains  no  copper.  It  is 
insoluble  in  hydrochloric  acid,  but  it  readily  dissolves  in  nitric 
acid,  and  in  aqua  regia.  Roasting  transforms  it  into  basic  arseniate 
of  nickel  of  a green  colour.  The  constituents  of  this  mineral  are 
as  follows : — 
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Analysis  of  Kupfer-nickel(EBELMEN).— The  purified  mineral 
is  treated  with  aqua  regia.  The  sulphuric  acid  is  precipitated  by 
chloride  of  barium,  and  the  excess  of  barium  being  removed  by 
sulphuric  acid,  the  arsenic  acid  is  converted  into  arsenious  acid  by 
ebullition  with  sulphurous  acid,  and  then  precipitated  by  sul- 
phuretted hydrogen.  The  sulphide  of  arsenic  obtained  is,  after 

Q 


226 


KUPFER-NICKEL. 


drying  and  weighing,  decomposed  by  aqua  regia,  to  obtain  the 
sulphur.  The  liquor  freed  from  sulphide  of  arsenic  is  concen- 
trated with  the  addition  of  nitric  acid,  and  is  precipitated  by 
excess  of  ammonia ; an  abundant  precipitate  of  peroxide  of  iron 
is  formed,  which  generally  retains  a little  nickel.  It  is  re- 
dissolved on  the  filter  by  hydrochloric  acid,  and  the  liquor  treated 
cold  with  carbonate  of  barium.  The  peroxide  of  iron  alone  is 
precipitated  ; the  carbonate  of  barium  with  which  it  was  mixed  is 
readily  separated.  The  liquor  containing  the  nickel  is  treated 
with  sulphuric  acid,  and  after  filtration  is  added  to  the  ammoniacal 
solution  of  the  rest  of  the  nickel : this  is  precipitated  by  excess  of 
potassa,  and,  after  drying  and  calcining,  is  weighed : its  quantity 
indicates  that  of  the  metallic  nickel.  The  ammoniacal  liquor, 
afterwards  treated  with  hydrosulphate  of  ammonium,  sometimes 
yields  a black  precipitate,  which,  collected,  calcined,  and  weighed, 
gives  with  borax  the  reaction  of  cobalt.  (‘  Annales  des  Mines,' 
tome  xi.  p.  56.) 

XmAC  2>ye. — Lac  dye  is  a red  colouring  matter  extracted 
from  stick  lac  in  various  ways.  The  best  is  manufactured  from 
the  stick  lac  of  Siam  and  of  Pegu.  It  is  in  pieces  about  or  3 
inches  square,  and  half  an  inch  thick,  of  a dark  purple  colour. 
The  best  is  marked  D T,  the  second  J McR,  the  third  C E;  but 
as  these  marks  are  imitated,  it  is  much  better  not  to  rely  upon 
them,  but  to  determine  the  quantity  of  colouring  matter  or  the 
tinctorial  power  of  the  article,  which  is  done  by  comparison, 
dyeing  a certain  portion  of  wool,  cloth,  or  flannel,  as  described 
below,  and  comparing  the  colour  with  that  produced  in  the  same 
conditions  by  genuine  and  best  lac  dye. 

The  dye-bath  is  prepared  as  follows : — 

5 grains  of  cream  of  tartar  (argol), 

20  grains  of  flannel,  or  white  cloth, 

5 grains  of  lac  dye, 

5 grains  of  chloride  of  tin, 
i quart  of  water. 

The  following  proportions  may  also  be  used  : — 

5 grains  of  cream  of  tartar  (argol), 

6o  grains  of  white  cloth  or  flannel, 

5 grains  of  lac  dye, 
i pint  of  water. 

Heat  the  water  to  the  boiling-point  in  a tin  or  china  vessel ; 
add  thereto  the  cream  of  tartar  (argol),  and  then  the  piece  of 
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cloth  or  of  flannel,  previously  weighed.  Weigh  off  5 grains  of 
the  lac  dye,  and  pulverize  it  in  a Wedgewood  mortar  with  the  5 
grains  (by  measure)  of  chloride  of  tin,  and  pour  the  whole  into  the 
hot  liquor  containing  the  argol  and  the  cloth,  taking  care  to  rinse 
the  mortar  with  a little  of  the  hot  liquor ; keep  the  whole  boiling 
for  at  least  one  quarter  of  an  hour,  or  even  half  an  hour,  stir- 
ring the  cloth  or  flannel  about  by  means  of  a glass  or  wooden 
stirrer.  At  the  end  of  that  time  the  cloth  should  be  withdrawn, 
washed  in  cold  water,  and  then  dried. 

L£.c  EiOCE. — Lac  lake  is  a colouring  matter  obtained  from 
the  stick  lac,  but  is  much  inferior  to  lac  dye.  The  process  for 
estimating  its  strength,  and  consequently  its  commercial  value,  is 
the  same  as  described  for  Lac  dye. 

leas  ores.  See  Galena. 

EIJTCESTOWES,  ANALYSIS  or. — The  importance  of  these 
minerals  in  agriculture  and  in  the  arts  renders  the  determination 
of  their  general  composition  a matter  of  frequent  occurrence  to  the 
practical  chemist.  The  following  is  the  method  of  procedure  : — 
Dissolve  100  grains  of  the  specimen  (which  should  be  well 
selected  and  averaged)  in  dilute  hydrochloric  acid,  and  evaporate 
the  solution  to  dryness  on  the  sand-bath ; moisten  the  residue 
with  hydrochloric  acid,  let  it  stand  for  half  an  hour,  then  add 
boiling  distilled  water,  and  filter  through  a filter  which  has  been 
previously  dried  at'2120  in  the  water-oven,  and  weighed  ; wash  on 
the  filter  till  the  wash  water  passes  through  tasteless,  then  return 
the  filter  with  its  contents  to  the  water-oven,  and  dry,  until  it 
ceases  to  lose  weight.  The  increase  in  weight  is  the  silicic  acid, 
sand,  insoluble  clay,  and  (perhaps  also)  organic  matter  in  100  grains 
of  the  limestone.  It  is  rarely  necessary  to  do  more  than  deter- 
mine the  total  amount  of  silicie  acid  in  this  insoluble  residue, 
which  is  done  by  fusing  it  in  a platinum  crucible  with  four  times 
its  weight  of  mixed  carbonates  of  potassium  and  sodium,  and 
evaporating  the  fused  mass  carefully  to  dryness  with  excess 
of  hydrochloric  acid ; when  perfectly  dry  it  is  allowed  to  cool, 
then  moistened  with  strong  hydrochloric,  boiled  up  with  water, 
and  filtered  ; the  residue  on  the  filter  is  pure  silicic  acid ; it  is  well 
washed  with  boiling  distilled  water,  dried,  and  ignited  in  a 
platinum  crucible.  The  crucible  should  be  weighed  with  its 
cover  on,  as  silicic  acid  is  apt  to  take  water  from  the  air.  In  the 
great  majority  of  cases  it  is  sufficient  to  determine  the  weight  only 
of  the  ignited  residue  of  a limestone,  insoluble  in  hydrochloric 
acid,  without  submitting  it  to  analysis.  The  filtrate  from  the  in- 
soluble residue,  with  the  washings,  is  divided  accurately  into  three 
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equal  parts,  eacli  part  representing  one-third  of  ioo  grains  of  the 
limestone.  One  part  is  mixed  in  a flask  with  a little  concentrated 
nitric  acid,  or  chlorine  water,  to  peroxidize  any  iron  that  may  be 
present,  heated  nearly  to  boiling  for  some  time,  and  then  allowed 
to  cool ; it  is  now  transferred  to  a beaker  or  other  convenient 
vessel  that-  admits  of  being  covered  with  a glass  plate,  and 
ammonia  added  in  slight  excess;  the  precipitate  which  falls  is 
alumina  (with  a little  silicic  acid)  and  perhaps  sesquioxide  of  iron 
and  oxide  of  manganese ; it  is  collected  on  a filter,  washed,  dried, 
ignited,  and  weighed.  Except  for  scientific  (geological)  objects, 
it  is  rarely  necessary  to  submit  this  precipitate  to  analysis.  In 
the  filtrate  from  the  precipitate  by  ammonia,  the  lime  and 
magnesia  are  determined  in  the  usual  manner.  In  order  to  deter- 
mine the  total  amount  of  carbonic  acid,  the  excellent  method  pro- 
posed bv  Schaffgottsch  may  be  followed.  A known  weight  of  the 
limestone  is  heated  intensely  in  a platinum  crucible,  with  four 
times  its  weight  of  recently  fused  borax ; the  loss  of  weight  when 
cold  indicates  the  amount  of  carbonic  acid,  plus  the  water,  which 
the  limestone  may  contain.  The  amount  of  the  latter  is  deter- 
mined with  sufficient  accuracy  for  all  practical  purposes  by  keep- 
ing i oo  grains  of  the  mineral  in  the  air-bath  heated  to  300°  until  its 
weight  is  perfectly  constant ; or  the  carbonic  acid  may  be  determined 
in  a weighed  quantity  of  the  limestone  finely  pulverized,  by  the 
process  of  Will  and  Fresenies  (see  Alkalimetry,  p.  16)  ; or  the 
following  simple  little  apparatus  may  sometimes  be  conveniently 
employed.  It  consists  of  a small  thin-bottomed  flask,  capable  of 
containing  about  four  ounces  of  water.  It  is  fitted  with  a cork, 
through  which  is  inserted  a bent  tube  adapted  to  another  wide 

tube,  containing  fragments  of  dried 
chloride  of  calcium  ; the  extremity  of 
this  tube  is  drawn  out  to  a capillary 
orifice.  The  small  tube  seen  inside  the 
flask  is  intended  to  hold  the  sulphuric 
or  hydrochloric  acid,  with  which  it  is 
proposed  to  decompose  the  carbonate. 
It  should  rest  against  the  side  of  the 
flask  at  an  angle  of  about  450  from  the 
bottom,  so  that  by  inclining  the  flask 
the  whole  of  the  acid  can  be  made  to 
* flow  out.  The  carbonate  to  be  analysed 
is  accurately  weighed,  and  projected 
into  the  flask,  which  should  contain 
about  an  ounce  of  water;  and,  the 
chloride  of  calcium  tube  having  been  fixed  air-tight  into  its  place, 
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the  whole  apparatus  is  accurately  weighed.  Great  care  must  be 
taken  that  none  of  the  acid  in  the  tube  comes  into  contact  with 
the  carbonate  before  the  operation  is  commenced.  Everythin^ 
being  ready,  the  flask  is  inclined  so  as  to  allow  a portion  of  the 
acid  to  flow  out  of  the  tube;  effervescence  immediately  takes 
place,  carbonic  acid  is  expelled,  and  escapes  through  the  orifice  of 
the  chloride  of  calcium  tube,  being  thoroughly  dried  during  its 
passage  through  the  lime  salt.  As  soon  as  the  effervescence  has 
ceased,  a fresh  portion  of  acid  is  caused  to  flow  out  of  the  tube, 
and  the  operation  is  repeated  until  no  further  escape  of  carbonic 
acid  gas  is  perceived. 

The  flask  is  now  placed  in  a vessel  of  boiling  water,  where  it  is 
allowed  to  remain  for  some  time  in  order  to  expel  all  the  carbonic 
acid  in  the  liquor,  and  in  the  upper  part  of  the  flask,  aqueous 
vapour  is  prevented  from  escaping  by  the  chloride  of  calcium.  On 
cooling,  atmospheric  air  finds  its  way  into  the  flask,  which  is  thus 
brought  to  the  same  condition  it  was  in  previous  to  commencim>' 
the  experiment.  It  is  now  weighed  ; the  loss  of  weight  indicates 
the  amount  of  carbonic  acid.  It  will  be  understood  that  for 
mineralogieal  purposes,  the  residue  insoluble  in  hydrochloric  acid 
and  the  precipitate  by  ammonia  must  be  submitted  to  minute 
analysis.  If  the  limestone  be  intended  to  be  used  as  a flux  (in 
the  iron  blast-i  urnace,  for  example)  it  may  be  necessary  to  examine 
the  residue  insoluble  in  hydrochloric  acid  for  pyrites-,  a portion  of 
it  should  be  fused  with  a mixture  of  carbonate  of  sodium  and 
nitrate  of  potassium;  the  fused  mass  digested  with  dilute  hydro- 
chloric acid,  and  evaporated  to  perfect  dryness;  the  dry  residue 
moistened  with  a few  drops  of  hydrochloric  acid,  then  diluted  with 
distilled  water,  filtered,  and  the  sulphuric  acid  in  the  filtrate  deter- 
mined as  sulphate  of  barium  by  the  addition  of  chloride  of  barium. 

linen.  See  Cotton. 

linseed  ivxeaXi. — lhe  linseed  meal  of  commerce  is 
frequently  adulterated  with  bran,  sawdust , clay , &c.  According  to 
■ Souberain,  the  presence  of  bran,  which  is  the  substance  most 
oidinarily  employed  for  adulterating  it,  may  be  detected  by  means 
of  a solution  of  iodine,  which  produces  the  characteristic  blue 
colour.  But  it  must  be  remembered  that  pure  linseed  contains  a 
small  quantity  of  starch,  and  that  it  often  accidentally  contains 
also  small  grains  of  corn  which,  unless  indeed  the  blue  colour 
produced  by  iodine  is  very  deep,  might  easily  lead  into  error. 
The  best  method  consists  in  exhausting  the  meal  with  ether  and 
evaporating  the  ether.  Good  and  pure  linseed  meal  should ’thus 
yield  53  per  cent,  of  oil. 
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2.IQTJ3SURS.  See  BLANC  MANGE. 

IITHAKCB  (Protoxide  of  x.e ad). — Litharge  (protoxide  of 
lead)  is  known  also  under  the  name  of  massicot,  when  it  has  not 
undergone  fusion  ; after  fusion  it  is  always  called  litharge. 

Commercial  litharge,  especially  that  which  is  foreign,  such  as 
that  of  Hamburg,  contains  sometimes  a considerable  proportion 
of  oxide  of  copper  and  of  iron,  sometimes  also  a little  silver  and 
silica. 

Litharge  is  sometimes  met  with  in  coherent  masses,  of  a yel- 
lowish colour,  in  which  case  it  is  sometimes  called  litharge  of 
silver ; at  other  times  it  consists  of  a multitude  of  beautiful  semi- 
transparent spangles,  of  a reddish  colour,  in  which  case  it  is  called 
litharge  of  gold,  and  often  contains  a certain  quantity  of  minium 
(red  lead). 

As  litharge  slowly  absorbs  the  carbonic  acid  of  the  air,  it 
generally  effervesces  when  treated  by  acids,  and  this  effervescence 
is  stronger  in  proportion  to  its  age. 

The  best  solvent  of  litharge  is  nitric  or  acetic  acid.  When 
these  acids  fail  in  dissolving  it  completely,  it  is  a proof  that  it  is 
not  pure.  The  principal  impurity  generally  is  silica,  which  thus 
remaining  undissolved,  may  at  once  be  estimated  by  weighing,  of 
course  after  drying  it. 

If  the  litharge  under  examination  contain  any  iron,  copper,  or 
silver,  which  is  often  the  case,  these  substances  may  be  detected 
by  dissolving  a known  weight  of  the  litharge  in  nitric  acid, 
diluting  with  a very  large  quantity  of  water,  and  adding  hydro- 
chloric acid,  which  will  produce  a white  precipitate  of  chloride  of 
silver,  if  that  metal  be  present  ; or,  instead  of  hydrochloric  acid,  a 
solution  of  chloride  of  sodium  (common  salt)  may  be  used  as 
described  in  the  article  on  silver,  to  which  the  reader  is  referred. 
Or  instead  of  a solution  of  chloride  of  sodium,  one  of  chloride  of 
lead  may  be  employed  as  a test  for  the  silver;  in  that  case,  140 
grains  of  chloride  of  lead  should  be  dissolved  in  10,000  grains- 
measure  of  water,  1,000  grains  of  which  will  represent  10  8 of 
silver. 

After  having  separated  the  chloride  of  silver  produced  by 
filtering,  a current  of  sulphuretted  hydrogen  should  be  slowly 
passed  through  the  filtered  liquor,  until  it  smells  strongly  of  the 
gas ; this  precipitates  the  lead  and  the  copper  in  the  state  of 
black  sulphides,  which  should  be  collected  on  a filter,  washed, 
and  then  cautiously  treated  by  fuming  nitric  acid,  which  should 
be  added  in  small  portions  at  a time,  to  avoid  too  violent  an 
action,  which  might  cause  a loss  by  projection,  and  on  which 
account  the  vessel  should  be  covered  by  a watch-glass  or  a 
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porcelain  capsule.  The  whole  is  then  evaporated  to  dryness,  and 
the  sulphate  of  copper  produced  is  separated  from  the  sulphate  of 
lead  by  treating  the  slightly  ignited  residuum  with  water,  which 
redissolves  the  sulphate  of  copper.  The  sulphate  of  lead  left  in 
an  insoluble  state  should  be  moderately  heated  until  acid  vapours 
cease  to  be  disengaged;  it  is  then  ignited  and  weighed.  150  grains 
of  sulphate  of  lead  contain  104  of  lead,  or  1 12  of  protoxide  of  lead  ; 
or,  decimally,  each  grain  of  sulphate  of  lead  contains  073563 
grain  of  protoxide  of  lead,  or  o-68287  grain  of  lead. 

The  presence  of  copper  may  be  ascertained  in  the  filtered 
solution  by  ammonia,  which  will  produce  a blue  colour  ; or  better 
still,  by  ferrocyanide  of  potassium,  which  will  produce  a reddish- 
brown  precipitate.  If  so,  the  copper  may  now  be  precipitated 
from  the  liquor  filtered  from  the  sulphate  of  lead,  in  the  manner 
described  in  the  article  on  Sulphate  of  Copper , by  means  of  a solu- 
tion of  potash. 

The  liquor  filtered  from  the  sulphide  of  lead  and  copper  should 
be  boiled  to  expel  the  sulphuretted  hydrogen,  and  then  with  a 
few  grains  of  chlorate  of  potassium ; an  excess  of  ammonia  is 
then  added,  which  will  precipitate  the  peroxide  of  iron,  which  is 
collected  on  a filter,  washed,  dried,  ignited,  and  weighed. 

eozentges.  See  Blanc  Mange. 

madder. — Madder  is  the  root  of  a plant  ( Rubia  tinctorum) , 
of  which  there  are  several  species. 

Levant  madder  occurs  in  commerce  in  pieces  externally  brown, 
and  internally  of  a pale  orange  yellow  colour  ; the  roots  ordinarily 
sold  in  shops  belong  to  this  species. 

Dutch  and  Zealand  madder  is  also  very  much  in  request;  the 
roots  are  generally  met  with  in  the  pulverized  state,  because  they 
are  ground  for  importation. 

Avignon  or  French  madder  is  imported  both  whole  and 
ground. 

Munjeet  is  a species  of  madder  imported  from  East  India. 

Madder  is  sometimes  called  alizari,  which  is  the  name  given  to 
all  kinds  of  unground  madder.  Gamene  madder  (garance  robee)  is 
madder  which  has  been  dried  and  ground  without  removing  the 
outer  pellicle.  Kor,  krups , or  crops,  grappe , is  ground  madder, 
from  which  the  outer  pellicle  has  been  removed.  Mull  madder 
is  the  worst  kind  of  madder,  and  consists  of  the  pieces  which 
have  been  separated  by  fanning  or  sifting,  and  pulverizing  the 
smaller  roots  of  the  other  kinds;  it  is  suitable  only  for  the 
darker  reds.  , 
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According  to  Btjcholz,  the  constituents  of  madder  are  as 
follows : — 


Resinous  red  colouring  matter  . . . i*2 

Extractive  ditto  ......  39'° 

Reddish-brown  substance  soluble  in  alcohol  i‘9 

Pungent  extractive  .....  06 

Gummy  matter  . . . . . . 9'° 

Woody  fibre  ......  22-5 

Matter  soluble  in  potash  ....  4'6 

Salts  of  lime  with  colouring  matter  . . i '8 

Water 12-0 

Loss 7 '4 


IOO'O 

According  to  M.  Ed.  Kcechlin,  madder-root,  in  the  fresh  state, 
consists  of — 

9036  fleshy  parts  = { atto 

9'64  wood?  fltre  “ { dry  matter 
100-00 


73‘42 
1 6-94 
4-96 
4-68 
100-00 


The  same  chemist  says  that  ground  and  dried  madder-root 
contains — 


Matter  soluble 

in  cold  water  . 

. 55-0 

Ditto 

in  boiling  water 

. 3-o 

Ditto 

in  alcohol 

• 1'5 

Woody  fibre  . 

. 40-5 

1 00-0 

According  to  Chevrettl,  ioo  parts  of  Levant  or  Turkey 
madder,  dried  at  21 2°  Fahr.,  yielded  9-8  of  ashes  half  fused. 

100  parts  of  madder  from  Alsatia  yielded  9-5  of  pulverulent 
ashes. 

100  parts  of  another  sample,  also  from  Alsatia,  yielded  12-0 
of  pulverulent  ashes. 

100  parts  of  a third  sample  of  madder  from  the  same  country 
yielded  13-5  of  pulverulent  ashes. 

Madder  is  often  adulterated  with  brickdust , red  ochre , red 
sand,  clay,  mahogany  sawdust,  log-wood,  sandal  and  japan-ivood, 
brail. 

The  fraudulent  admixture  of  brickdust  and  other  earthy  or 
siliceous  matter  may  be  easily  detected  by  putting  a portion  ot 
the  sample  into  a large  precipitating  glass,  and  stirring  it  therein 
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with  about  100  or  150  times  its  weight  of  water.  The  madder 
remains  suspended  in  the  liquid,  and  by  decanting  it  with  suitable 
care,  again  adding  water,  stirring,  and  decanting  again  and  again 
several  times,  nearly  the  whole  of  the  earthy  impurities  may  be 
separated.  It  is  better,  however,  to  incinerate  a given  weight  of 
the  madder  under  examination,  and  to  compare  the  weight  of  the 
ashes  thus  obtained  with  those  which  are  left  when  genuine  madder 
of  the  same  description  is  submitted  to  the  same  ordeal. 

According  to  Messrs.  Girardie  and  Hotjtoti  la  Billardiere, 
genuine  madder,  perfectly  dried,  at  2120  Fahr.,  and  from  which 
the  epidermis  and  all  earthy  matter  has  been  removed,  leaves  on 
an  average  5 per  cent,  of  ashes.  The  madder  of  Provence,  with 
its  epidermis,  yields  8-8o  per  cent,  of  ashes. 

The  estimation  of  sawdust,  bran,  and  other  such  organic  matter, 
is  more  difficult,  and  the  best  way  is  to  ascertain  the  tinctorial 
power  of  the  sample  under  examination.  This,  according  to 
PiObiqtjet  and  Collie,  may  be  done  in  the  following  manner  : — 
Dry  the  sample  or  samples  at  a steam-heat;  take  25  grammes 
(about  400  grains)  of  each  sample,  and  treat  them  by  200  or  250 
grammes  (about  3 or  4,000  grains-measure)  of  water,  the  tempera- 
ture of  which  should  not  exceed  20°  Cent.  (68°  Fahr.),  for  other- 
wise a portion  of  the  red  colouring  matter  would  be  dissolved. 
The  whole,  after  having  been  left  in  contact  for  about  three  hours, 
is  thrown  upon  a filter,  the  insoluble  portion  is  washed  with  200 
or  250  grammes  (3  or  4,000  grains-measure)  of  cold  water,  after 
which  it  is  dried  at  a steam-heat,  and  weighed. 

One  part  of  the  insoluble  matter  is  then  put  into  a small  glass 
balloon,  with  40  parts  of  water  and  8 parts  of  alum  ; the  whole  is 
heated,  and  after  boiling  for  a quarter  of  an  hour  the  liquor  is 
filtered  whilst  in  the  boiling  state.  The  insoluble  portion  is  again 
washed,  as  before,  and  the  filtrate  from  the  various  samples  is 
precipitated  by  sulphuric  acid.  The  weight  of  the  precipitate  so 
produced  in  each  liquor  represents  the  proportion  of  colouring- 
matter  contained  in  them. 

This  process  is  based  upon  the  insolubility  of  alizarine  in  cold 
water,  whilst  the  boiling  solution  of  alum  dissolves  it  all.  Chev- 
retjl,  however,  says  that  a portion  remains  undissolved. 

Meillet's  Process. — Take  20  litres  of  water  (about  4 is-  gallons) 
heated  to  6o°  Cent.  (140°  Fahr.),  and  dissolve  therein  2 kilogrammes 
(about  4^  lbs.)  of  alum ; add  thereto  10  kilogrammes  (about  22  lbs.) 
of  madder ; bring  the  whole  gradually  to  the  boiling  point,  and 
keep  it  boiling  for  half  an  hour.  The  decoction  is  then  thrown 
upon  a cloth  filter,  and  stroDgly  squeezed  thereon ; after  having 
repeated  this  treatment  three  times,  the  madder  is  exhausted. 
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The  various  filtrates  are  mixed  together  and  left  at  rest  for  a 
while,  the  clear  portion  is  decanted,  and  before  it  has  completely 
cooled  the  operator  pours  into  it  625  grammes  (about  10,000 
grains-measure)  of  sulphuric  acid  of  sp.  gr.  r848,  diluted  with 
twice  its  bulk  of  water,  taking  care  to  stir  the  liquor  incessantly 
whilst  pouring  the  acid.  Thick  reddish  flakes  are  precipitated, 
which  very  soon  settle  at  the  bottom,  and  the  liquor  from  purple- 
red  becomes  greenish-yellow.  The  supernatant  liquor  is  then 
decanted,  the  residuum  is  washed  several  times,  and  a mass  is  left 
which,  after  drying  in  the  air,  is  in  the  state  of  shining  scales  of 
a reddish-brown  colour ; it  is  alizarine,  but  not  quite  pure.  The 
precipitate,  whilst  still  moist,  should  be  heated  with  one  and  a half 
its  weight  of  carbonate  of  potassium  dissolved  in  12  or  15  times 
its  bulk  of  water ; the  carbonate  of  potassium  is  then  saturated  by 
sulphuric  acid,  which  produces  a precipitate  of  a fine  red  colour, 
which,  according  to  M.  Meillet,  is  pure  alizarine.  The  madder 
from  Avignon,  when  submitted  to  this  treatment,  yields  2 or 
per  cent,  of  alizarine ; but  it  is  necessary  in  such  trials  to  compare 
the  result  obtained  with  that  given  by  madders  of  the  same  kind 
and  name,  which  are  known  to  be  genuine. 

Madder  may  also  be  tried  by  Hotjtou  la  Billardiere’s  colori- 
meter. (This  instrument  has  been  described  in  the  article  on  Indigo.) 
The  experiment  is  performed  as  follows  : — First  dry  thoroughly, 
at  212°  Fahr.,  a portion  of  madder  of  a known  quality,  and  a like 
weight  of  the  sample  of  madder  to  be  examined.  This  done, 
take  500  grains  of  each  of  these  two  portions,  and  mix  them  care- 
fully with  ten  times  their  weight  of  water  at  68°  Fahr.,  and  leave 
the  whole  to  digest  for  three  hours.  Repeat  the  same  operation 
a second  time,  and  wash  both  residues  with  5,000  grains-measure 
of  water,  and  dry  them  as  before.  The  loss  indicates  the  weight 
of  the  gummy  and  saccharine  matter  contained  in  the  respective 
samples.  Introduce  now  100  grains  of  the  two  samples  of  madder, 
each  in  a glass  balloon,  with  800  grains-measure  of  water  and  100 
grains  of  very  pure  alum  (see  Alum ),  boil  the  whole  for  a quarter 
of  an  hour,  and  fill  the  decoction  whilst  boiling.  Wash  the 
residuum  with  50  grains-measure  of  water.  Repeat  this  operation 
three  times,  and  mix  the  three  decoctions  of  each  respective  sample 
together.  By  means  of  the  colorimeter  it  is  then  easy  to  appre- 
ciate the  different  intensity  of  colour  ; for  if  100  parts  of  the  mixed 
decoction  of  each  sample  be  introduced  into  the  tubes  of  the  colori  - 
meter, and  water  added  to  that  which  has  the  deeper  tinge,  until 
it  is  brought  exactly  to  the  degree  of  intensity  of  the  other,  the 
graduations  on  the  tubes  will  at  once  indicate  in  what  ratio  they 
differ. 
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J3ut  as  madder  is  often  adulterated  with  pulverized  dye-woods, 
such  as  log-wood,  Brazil-wood,  &c.,  other  trials  should  he  simul- 
taneously resorted  to.  They  consist  in  dyeing  with  a given  weight 
of  pulverized  madder,  known  to  he  of  superior  quality,  a certain 
quantity  of  cotton  prepared  with  different  mordants.  The  pieces 
of  calico  employed  for  the  experiment  should  all  he  of  equal 
weight,  and  about  two-and-a-half  or  three  inches  square,  and  they 
should  he  dyed  with  increasing  proportions  of  pulverized  madder, 
from  10  grains  to  150  grains ; a scale  of  intensity  of  colour  is  thus 
prepared  with  each  mordant,  the  degrees  of  which  scale  correspond 
to  a known  weight  of  the  madder  taken  as  type. 

The  dyeing  must  be  performed  with  care  as  follows  : — Take  a 
suitable  number  of  wide-mouthed  flasks,  and  put  them  into  a pan 
placed  over  a naked  fire,  and  containing  water  at  ioo°  or  104° 
Fahr.  Pour  into  each  of  the  flasks  1^  pint  of  distilled  water, 
also  a piece  of  the  mordanted  piece  of  calico,  and  the  quantity  of 
madder  required.  Put  a thermometer  into  the  pan,  which  should 
now  be  carefully  heated,  avoiding  variations  of  temperature,  and  in 
such  a way  that  an  hour  and  a half  may  elapse  before  the  bath 
attains  167°  Fahr.  liaise  then  the  temperature  to  the  boiling 
point  for  half  an  hour.  The  samples  of  calico  are  then  withdrawn, 
rinsed  with  cold  water,  and  dried. 

The  dyed  pieces  of  calico  are  then  divided  into  two  equal 
portions  ; one  half  is  preserved  in  that  state,  the  other  half  is  im- 
mersed for  half  an  hour  at  1060  Fahr.,  in  a solution  of  soap,  con- 
sisting of  25  grains  of  white  curd  soap,  and  1 £ pint  of  water;  the 
tissue  is  then  withdrawn,  rinsed  with  cold  water,  and  returned 
to  a soap-bath  prepared  as  the  above,  but  to  which  8 grains  of 
chloride  of  tin  have  been  added.  This  bath  is  kept  boiling  for 
half  an  hour.  The  piece  of  calico  should  be  carefully  rinsed,  dried, 
and  kept  sheltered  from  the  light. 

After  having  prepared  a scale  of  colours  as  above  directed,  it 
is  sufficient  afterwards,  in  order  to  determine  the  value  of  a sample 
of  madder,  to  dye  pieces  of  calico  of  the  same  description  with 
known  weights  of  the  madder  under  examination,  and  this  value, 
compared  with  that  taken  as  type,  is  then  easily  determined. 

Instead  of  pieces  of  calico,  skeins  may  be  employed  weighing 
150  grains,  for  which  from  300  to  450  or  500  grains  of  pulverized 
madder  are  used  to  form  a scale  of  ten  colours. 

Alizarine  or  garancine  may  be  tested  in  the  same  manner. 

MAGNESIA.  (Calcined  Magnesia).  — Magnesia  is  the 
oxide  of  a metal  called  magnesium ; when  pure  it  is  white,  pul- 
verulent, very  light,  soft  to  the  touch,  and  odourless ; its  specific 
gravity  is  2-3. 
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The  magnesia  which  occurs  in  commerce  is  often  adulterated 
to  a considerable  extent  with  lime,  alumina , and  silica  ; sometimes 
also  it  contains  carbonate  of  magnesium,  which  latter  substance  is 
often  altogether  substituted  for  calcined  magnesia. 

Pure  magnesia,  however,  should  not  produce  any  effervescence 
when  treated  by  an  acid ; for  example,  hydrochloric  acid.  If  it 
effervesces,  it  is  a proof  of  careless  preparation,  the  whole  of  the 
carbonic  acid  not  having  been  expelled,  or  of  adulteration  with 
some  other  carbonate.  The  acid  employed  for  the  purpose  should 
be  diluted  with  water  before  pouring  it  upon  the  magnesia,  which 
should  be  dissolved  thereby  without  any  residue  whatever ; all 
that  which  may  remain  undissolved  is  an  impurity.  It  sometimes 
happens,  however,  that  a residue  is  apparently  left  though  the 
magnesia  may  be  quite  pure  ; this  occurs  when  the  heat  employed 
in  calcining  the  magnesia  has  been  too  strong,  or  protracted  for 
too  long  a time,  in  which  case  it  dissolves  entirely  in  acids,  but  it 
takes  a long  time. 

If  the  clear  solution  containing  an  excess  of  acid  produces  a 
white  floculent  precipitate,  insoluble  in  solution  of  sal  ammoniac, 
it  is  alumina,  which  should  be  rapidly  filtered  ; and  if  the  liquor 
filtered  therefrom,  being  tested  by  oxalate  of  ammonium,  produces 
a precipitate,  it  is  oxalate  of  calcium,  and,  of  course,  the  magnesia 
contained  that  earth.  The  precipitated  oxalate  of  calcium  maybe 
collected  on  a filter,  washed,  dried,  ignited,  and  weighed  as  car- 
bonate of  calcium,  into  which  ignition  has  converted  it.  Each 
grain  of  carbonate  of  calcium  represents  o'56  grain  of  lime. 

The  hydrochloric  acid  solution  of  magnesia  should  now  be  pre- 
cipitated by  solution  of  chloride  of  barium  ; if  a precipitate  is 
produced,  a sulphate  is  present ; the  precipitated  sulphate  of 
barium  so  produced  may  be  collected  on  a filter,  washed,  dried, 
ignited,  and  weighed.  117  grains  of  sulphate  of  barium  represent 
1 equivalent,  or  40  grains  of  pure  anhydrous  sulphuric  acid,  and 
consequently  1 equivalent  of  any  sulphate ; in  that  case  an  in- 
soluble residuum  will  most  probably  have  been  left  when  treating 
the  magnesia  with  hydrochloric  acid,  as  mentioned  before.  If 
silica  was  present,  it  will  have  been  left  also  in  an  insoluble  state. 

Carbonate  of  Magnesium. — Commercial  carbonate  of  mag- 
nesium is  in  small  cubic  lumps,  of  a fine  white  colour,  soft  to  the 
touch,  inodorous,  tasteless,  and  of  a specific  gravity  of  0-294. 

This  substance  is  often  contaminated  by  carbonate  of  calcium 
(chalk),  which  either  has  been  fraudulently  mixed  with  it,  or 
because  the  magnesian  salts  from  which  it  has  been  obtained  were 
naturally  contaminated  witli  salts  of  lime,  as  is  the  case  when 
prepared  from  the  mother-waters  used  in  the  manufacture  of  nitrd 
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find  of  common  salt.  The  best  is  that  obtained  by  precipitating 
a solution  of  sulphate  of  magnesium  by  one  of  carbonate  of  potash 
or  of  soda. 

The  presence  of  carbonate  of  calcium  is  detected  by  dissolving 
a portion  of  the  carbonate  of  magnesium  under  examination  in 
hydrochloric  acid,  filtering,  saturating  the  excess  of  acid  with 
aqueous  solution  of  ammonia,  and  then  adding  a solution  of  oxalate 
of  ammonium,  which  will  then  produce  a precipitate  of  oxalate  of 
calcium.  The  precipitate  should  be  rapidly  collected  on  a filter, 
washed,  and  calcined  in  a platinum  crucible ; the  weight  is  that 
of  the  carbonate  of  calcium  contained  in  the  substance. 

Sulphate  of  Magnesium  (Epsom  Salts,  Seicllitz  Salts.) — I. 
Sulphate  of  magnesium  is  a combination  of  sulphuric  acid  and 
magnesia,  which  is  met  with  in  commerce  in  rectangular  four-sided 
prismatic  crystals,  or  in  masses  composed  of  a great  number  of 
small  needles,  white,  inodorous,  and  of  a bitter  disagreeable  taste. 
Sp.  gr.  i-66.  Sulphate  of  magnesium  is  soluble  in  its  own  weio-ht 
ot  cold  water,  and  is  insoluble  in  alcohol.  It  effloresces  in  the 
air,  and  when  heated  it  fuses  in  its  own  water  of  crystallization. 
The  quantity  of  the  water  of  crystallization  of  sulphate  of  mag- 
nesium varies  according  to  the  temperature  at  which  it  is  made  to 
crystallize;  hydrates  of  this  salt  may  be  obtained  containing  one, 
two,  five,  six,  seven  and  twelve  equivalents  of  water  of  crystal- 
lization. When  sulphate  of  magnesium  is  left  to  crystallize  at  6o° 
Fabr.,  it  ordinarily  contains  seven  equivalents  of  water. 

Sulphate  of  magnesium  is  often  adulterated  with  sulphate  of 
sodium  ; nay,  this  latter  salt  is  sometimes  altogether  sold  under  the 
name  of  sulphate  of  magnesium.  The  two  salts  may  be  easily  dis- 
tinguished from  each  other,  because  sulphate  of  sodium  crystallizes 
in  long  six-sided  prisms  more  transparent  than  those  of  sulphate 
of  magnesium,  and  more  efflorescent;  its  taste  is  fresh,  saline,  and 
somewhat  bitter,  but  less  disagreeable  than  that  of  sulphate  of 
magnesium  ; its  sp.  gr.  is  1-349.  Lastly,  a solution  of  carbonate  of 
potassium  or  of  sodium,  poured  into  a solution  of  sulphate  of  sodium, 
produces  no . precipitate  whatever;  whilst  an  abundant,  bulky’ 
white  precipitate  is  immediately  produced  by  that  reagent  in  one’ 
of  sulphate  of  magnesium. 

Nothing  is  therefore  more  easy  than  to  distinguish  these  two 
salts  from  each  other  in  an  isolated  state ; but  when  they  are 
mixed  together,  the  operator  may  detect  it  by  drying  a small 
portion  of  the  sample,  and  heating  it  before  the  blow-pipe  to  the 
flame  of  which  it  will  immediately  impart  a strong  yellow’ colour 
If  now  the  operator  wishes  to  ascertain  the  proportion  or  extent 
of  the  adulteration,  he  should  proceed  as  follows; 
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Take  a certain  portion  of  the  salt  under  examination,  dry  it  at 
a steam-heat  until  reduced  into  a white  powder,  and  expose 
this  white  powder,  which  is  the  effloresced  sulphate,  to  a moderate 
red  heat,  in  order  to  expel  completely  the  water  of  crystallization. 
Take  60  grains  of  the  ignited  sulphate,  and  dissolve  them  in  pure 
distilled  water,  add  then  an  excess  of  solution  of  carbonate  of 
potassium  of  sodium,  and  boil ; allow  the  liquor  to  become  cold, 
and  collect  the  precipitated  carbonate  of  magnesium  upon  a filter, 
wash  it  carefully  with  boiling  water  but  not  too  long,  since  it  is 
not  completely  insoluble  in  even  hot  water,  dry  it,  and  ignite 
it  strongly  for  some  time,  in  order  to  expel  the  carbonic  acid ; 
the  residuum  is  pure  magnesia.  60  grains  of  sulphate  of  mag- 
nesium, previously  exposed  to  a moderate  red  heat,  as  above 
said,  should  yield  20  grains  of  pure  magnesia,  or  each  grain  of 
sulphate  of  magnesium  should  yield  0*34015  grain  of  pure  mag- 
nesia. If,  therefore,  the  operator  subtracts  from  the  total  weight 
of  the  salt  under  examination,  and  which  has  been  subjected  to 
experiment,  the  amount  of  sulphate  of  magnesium  indicated  by 
the  precipitate  above  alluded  to,  the  difference  will,  of  course, 
show  the  weight  of  the  sulphate  of  sodium  which  has  been  added. 
If,  however,  the  operator  wishes  to  determine  the  quantity  of  sul- 
phate of  sodium  by  actual  experiment,  he  may  do  so  by  dissolving 
in  distilled  water  a given  weight  of  the  suspected  salt,  and  pour- 
ing into  this  solution  a quantity  of  chloride  of  barium,  just  suf- 
ficient to  precipitate  all  the  sulphuric  acid  in  the  state  of  sulphate  of 
barium,  but  avoiding  to  use  an  excess  of  chloride  of  barium;  that  is 
to  say,  the  chloride  of  barium  should  be  added  very  cautiously  as 
long  as  it  continues  to  produce  a precipitate  or  a turbidness,  but 
no  farther.  The  liquor  should  then  be  warmed  and  left  at  rest 
until  all  the  precipitate  has  settled  ; it  is  then  collected  on  a filter, 
washed,  and  the  filtrate  is  cautiously  evaporated  to  drvness.  The 
dry  residuum,  which  consists  of  chloride  of  sodium  and  of  chloride 
of  magnesium,  is  allowed  to  become  cold,  and  it  is  then  treated  in 
the  cold  with  rectified  alcohol,  which  will  dissolve  the  chloride  of 
magnesium,  but  will  leave  the  chloride  of  sodium  in  an  almost 
insoluble  state.  From  the  weight  of  the  chloride  of  sodium  left, 
that  of  the  sulphate  of  sodium  may  be  calculated  ; each  grain  of 
chloride  of  sodium  represents  053010  grain  of  soda,  and,  conse- 
quently, 1*192725  grain  of  anhydrous  sulphate  of  sodium.  The 
alcohol  employed  should  be  highly  rectified,  for  although  chloride 
of  sodium  is  almost  insoluble  in  anhydrous  alcohol,  it  is  dissolved 
in  large  quantities  in  spirits  of  wine. 

MAILLECHOR.  See  GERMAN  SILVER. 

xviangan'esz:. — The  principal  ores  of  manganese  are — 
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Pyrolusite  (binoxide  of  manganese). 

Braunite  (sesqui oxide  of  manganese). 

Manganite  (hydrated  sesquioxide  of  manganese). 

Hausmanite  (red  oxide  of  manganese). 

The  first  of  these  ores  ( pyrolusite ) is  the  most  important,  and 
as  the  natural  ores  of  manganese  are  mixtures  of  this  with  the 
lower  oxides,  and  contain  impurities,  such  as  earthy  carbonates, 
peroxide  of  iron,  alumina , silica,  sulphate  of  barium,  & c.,  it  is 
absolutely  necessary  that  the  manufacturer  who  uses  the  mineral 
• should  ascertain  the  quantity  of  peroxide  contained  in  the  ore,  the 
proportion  of  which  in  the  sample  determines  its  commercial 
value. 

Determination  of  the  value  of  Commercial  Oxide  of  Manganese. 

C1-)  By  estimating  the  amount  of  chlorine  evolved  during  the 
solution  of  the  ore  in  hydrochloric  acid,  the  value  of  the  oxide  being 
m exact  proportion  to  the  quantity  of  chlorine  produced. 

Three  methods  of  estimating  the  chlorine  have  been  recom- 
: mended. 

(a.)  By  noting  the  quantity  of  ferrous  sulphate  (ordinary 
? creen  sulphate  of  iron)  which  it  peroxidizes.  If  the  oxide  of 
1 manganese  be  perfectly  pure  43.5  parts  will  produce  35  parts  of 
chlorine,  which  will  peroxidize  78  parts  of  crystallized  sulphate  of 
iron. . Hence  25  grains  of  pure  oxide  of  manganese  yield  chlorine 
sufficient  to  peroxidize  159  grains  of  sulphate  of  iron. 

25  grains  of  the  powdered  specimen  are  weighed  out,  and  a 
quantity  not  less  than  359  grains  of  crystallized  sulphate  of  iron. 
Ihe  oxide  of  manganese  is  thrown  into  a flask  containing-  about 
me  ounce  of  strong  hydrochloric  acid  slightly  diluted,  and  a gentle 
leat  applied.  The.sulphate  of  iron  is  gradually  added  in  small 
quantities  to  the  acid,  so  as  to  absorb  the  chlorine  as  it  is  evolved, 
ind  the  addition  of  that  salt  continued  till  the  liquor,  after  being 
leated,  gives  a blue  precipitate  with  ferncyanide  of  potassium,  and 
tas  no  smell  of  chlorine,  which  are  indications  that  the  sulphate 
f iron  is  present  in  excess;  by  weighing  what  remains  of  this 
alt,  the  quantity  that  has  been  added  is  ascertained,  say  m grains, 
f the  whole  of  the  specimen  consisted  of  peroxide,  it  would 
equire  159  grains  of  protosulphate  of  iron,  and  that  quantity 
muld  therefore  indicate  100  per  cent,  of  peroxide  ; but,  if  a por- 
on  of  the  manganese  only  is  peroxide,  a proportionally  smaller 
uantity  of  the  protosulphate  will  be  consumed,  and  that  quantity 
'ill  give  the  real  proportion  of  peroxide,  by  the  proportion,  as 
59  : 25  : : m to  the  quantity  required. 

(b.)  The  chlorine  evolved  is  passed  through  water  in  which 
ne  is  dillu8ed  ; chloride  of  lime  is  formed;  a certain  quantity  of 
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sulphate  of  iron  is  dissolved  in  water,  and  the  solution  of  chloride 
of  lime  is  added  thereto,  until  the  iron  liquor  ceases  to  strike  a 
blue  colour  with  a drop  of  solution  of  ferricyanide  of  potassium ; 
then,  comparing  the  quantity  of  the  solution  of  chloride  of  lime 
required  with  the  quantity  that  was  produced,  the  quantity  of 
chlorine  generated,  and  hence  the  total  quantity  of  available 
oxygen  is  known. 

(c.)  Batjmann  conveys  the  chlorine  into  a solution  of  nitrate 
of  silver,  and  calculates  the  amount  of  real  peroxide  of  man- 
ganese in  the  specimen  from  the  quantity  of  chloride  of  silver 
formed. 

(2.)  By  converting  Oxalic  Acid  into  Carbonic  Acid,  by  means  of 
the  second  atom  of  Oxygen  which  the  Peroxide  of  Manganese  contains. 
— 100  grains  of  the  specimen  are  introduced  into  a weighed  flask, 
and  150  grains  of  oxalic  acid  dissolved  in  500  grains  of  water  are 
poured  upon  it;  to  this,  350  grains  of  oil  of  vitriol  are  to  be  added, 
and  the  orifice  of  the  flask  closed  by  a cork,  through  which  passes 
a tube  containing  fragments  of  recently  fused  chloride  of  calcium  ; 
the  weight  of  this  cork  and  tube  are  to  be  included  in  the  tare  of 
the  flask.  On  the  addition  of  the  oil  of  vitriol,  a brisk  effervescence 
takes  place,  owing  to  the  escape  of  carbonic  acid,  which  passing 
over  the  fragments  of  chloride  of  calcium  in  the  tube  is  dried,  so 
that  the  gas  alone  passes  off.  When  the  action  slackens,  a gentle 
heat  maybe  applied,  until  all  the  oxide  of  manganese  has  dissolved  ; 
the  small  quantity  of  a light  brownish  sediment,  which  generally 
falls,  is  easily  distinguished  from  the  particles  of  black  oxide.  As 
soon  as  the  action  is  quite  over,  the  flask  is  allowed  to  cool,  and 
as  it  still  contains  a quantity  of  carbonic  acid  gas,  this  is  removed 
by  taking  out  the  cork,  and  blowing  air  gently  into  the  flask  by  a 
glass  tube ; the  cork  is  then  to  be  replaced,  and  the  flask  with  its 
contents  weighed ; the  difference  of  weight  represents  the 
amount  of  carbonic  acid  evolved,  one-fourth  of  the  oxygen  of 
which  had  been  derived  from  the  peroxide  of  manganese  by  its 
conversion  into  protoxide,  which  remains  combined  with  sulphuric 
acid  in  the  liquor,  and  the  quantity  of  peroxide  in  the  100  grains 
of  the  one  are  thus  directly  found.  Example. — Suppose  the  flask 
and  the  materials  together  to  weigh  1876  grains,  and  after  the 
action  has  terminated  1816-5  grains;  the  loss,  59-5  grains,  is  car- 
bonic acid,  consisting  of  16  3 grains  of  carbon,  and  43-2  grains 
of  oxygen ; the  oxygen  derived  from  the  mineral  is  therefore 

13-.?.  = io-8,  which  represents  59  grains  of  pure  peroxide  of  man- 
4 

ganese  in  100  grains  of  the  substance  experimented  upon. 

(3.)  Method  of  Fresenius  and  Will. — This  is  founded  on  the 
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same  principle.  A certain  -weighed  quantity  of  the  finely 
powdered  manganese  ore  is  projected  into  B (Fig.  9),  and  about 
2b  parts  of  neutral  oxalate  of  potassium  (prepared  by  saturat- 
ing the  common  binoxalate  with  carbonate  of  potassium  and 
crystallizing),  or  two  parts  of  neutral  oxalate  of  sodium,  and  as 
much  water  added  as  will  fill  about  one-third  of  the  flask;  the 
apparatus  is  then  prepared  as  directed  in  p.  16  ; B;  is  then  closed, 
the  apparatus  weighed,  and,  by  sucking  the  tube  e,  some  sul- 
phuric acid  is  made  to  pass  from  a into  b.  The  evolution  of  car- 
bonic acid  commences  immediately,  and  in  a very  uniform  manner ; 
as  soon  as  it  stops,  some  more  sulphuric  acid  is  sucked  over  from 
a into  b,  and  the  operation  thus  continued  till  all  the  manganese 
is  completely  decomposed  ; this  operation  will  require  from  six 
to  ten  minutes ; its  completion  is  ascertained  not  only  by  no 
further  evolutions  of  carbonic  acid  taking  place  upon  a further 
influx  of  sulphuric  acid  into  b,  but  also  by  no  black  powder 
remaining  at  the  bottom  of  the  flask.  Some  more  sulphuric  acid 
is  then  sucked  over  into  b,  in  order  to  heat  the  fluid  contained 
therein,  so  as  completely  to  expel  all  the  carbonic  acid  evolved 
during  the  course  of  the  operation  ; the  wax  stopper  is  then 
removed  from  a,  and  the  tube  cl  sucked  until  the  air  no  longer 
tastes  of  carbonic  acid  ; the  apparatus  is  then  allowed  to  cool,  and 
weighed.  The  entire  examination  may  thus,  according  to  the 
authors,  be  performed  in  a quarter  of  an  hour  ; from  the  loss  of 
weight  of  the  apparatus  (the  amount  of  carbonic  acid-  expelled) 
the  amount  of  available  oxygen  is  found, . or,  what  in  fact  is  the 
same,  the  amount  of  peroxide  contained  in  the  manganese  under 
examination,  according  to  the  following  arrangement: — Two  equi- 
valents of  carbonic  acid  stand  to  one  equivalent  of  peroxide  of 
manganese  in  the  same  proportion  as  the  amount  of  carbonic  acid 
stands  to  x,  x,  being  the  quantity  of  real  peroxide  contained  in  the 
specimen.  Let  us  suppose  that  our  experiment  had  been  made 
with  four  grammes  (61,7.6  grs.)  of  manganese  ore,  and  that  we 
had  obtained  3-5  grammes  (54-03,  grs.)  of  carbonic  acid.  The 
arrangement  would  be — 

4 : 43'67  : : 3*5  : x 
x —3*47' 

Thus,  four  grammes  of  the  manganese*  ore  containing  3-47 
grammes  of  peroxide,  100  parts  of  the  same  substance  must  con- 
tain 867  parts.  To  render,  however,  this  calculation  unnecessary, 
we  need  only  ascertain  what  amount  of  manganese  must  be  taken 
to  make  the  number  of  centigrammes  of  carbonic  acid  obtained 
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immediately  indicate  tlie  percentage  amount  of  peroxide.  The 
calculation  must  therefore  be — 

4 : 43'67  : : ioo  : x 
x = 0-993- 

Thus,  if  we  take  0-993  grammes  (15-33  grains)  of  the  specimen, 
the  number  of  centigrammes  of  carbonic  acid  expelled  will  indi- 
cate the  percentage  amount  of  peroxide.  But  as  the  quantity  of 
carbonic  acid  obtained  would  be  too  minute  to  admit  of  a direct 
determination  of  its  weight,  it  is  advisable  to  take  a multiple  of 
0-993  grammes,  and  to  divide  the  number  of  centigrammes  of 
carbonic  acid  obtained  by  the  same  number,  which  has  served  as 
a multiplier.  The  multiple  by  3,  i.e.  2-98  grammes,  is  deemed  by 
the  authors  the  quantity  best  adapted  for  the  examination. 
Should  the  manganese  contain  carbonated  alkaline  earths,  which 
is  sometimes  the  case,  it  must  undergo  a preliminary  process 
previous  to  the  examination.  To  ascertain  the  presence  or 
absence  of  carbonate  of  calcium  or  barium  in  the  manganese 
under  examination,  it  is  sufficient  to  moisten  a sample  powder  with 
dilute  nitric  acid ; their  presence  is  certain  if  any  effervescence 
take  place.  The  specimen,  in  that  case,  is  treated  as  follows: — 
2-98  grammes  of  the  specimen  are  projected  into  b,  covered  with 
very  dilute  nitric  acid,  one  part  acid  to  twenty  parts  of  water, 
and  allowed  to  stand  at  rest  for  a few  minutes ; the  supernatant 
fluid  is  then  poured  upon  a small  paper  filter,  the  manganese 
remaining  in  the  flask  is  repeatedly  washed  with  water,  as  well 
as  the  solid  particles  on  the  filter  (the  supernatant  water  being 
always  poured  on  the  filter),  and  the  latter  then  thrown  into  b, 
taking  care  not  to  lose  a particle  of  manganese  ; the  further 
operation  is  conducted  as  usual.  The  neutral  oxalate  of  potassium 
is  preferable  to  free  oxalic  acid,  or  to  binoxalate  of  potassium, 
since,  when  employing  the  former  substance,  the  evolution  of 
carbonic  acid  commences  only  upon  the  influx  of  sulphuric  acid 
into  b,  whilst  free  oxalic  acid,  or  binoxalate  of  potassium,  begin 
to  evolve  carbonic  acid  immediately  upon  coming  into  contact 
with  manganese  and  water;  and  this  would,  of  course,  interfere 
with  the  correctness  of  the  results,  rendering  it  almost  impossible 
to  determine  the  exact  weight  of  the  apparatus  before  the  com- 
mencement of  the  operation.  Such  is  the  method  of  examining 
ores  of  manganese  proposed  by  the  German  chemists  : the  results 
are  most  accurate,  and  the  manipulation  is  simple.  It  will  be 
observed  that,  from  the  almost  absolute  identity  of  the  equivalent 
number  of  carbonic  acid  multiplied  by  2,  22  x 2 =44>  with  that  of 
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; peroxide  of  manganese,  43-67,  the  calculation  of  the  quantity  of 
:real  peroxide  in  a specimen  of  manganese  becomes  a problem  of 
the  utmost  simplicity;  and  that  if  we  take  100  grains  of  the  speci- 
men, the  loss  of  weight  in  grains  will  denote  the  percentage 
proportion  of  pure  peroxide.  One  atom  of  peroxide  of  manganese, 
(Mn  0,)  =43-67,  contains  one  atom  of  oxygen,  separable  by  sul- 
phuric acid,  and  capable  of  converting  one  atom  of  oxalic  acid 
into  two  atoms  of  carbonic  acid. 

Dr.  Ure  recommends  250  grains  of  oxalate  of  potassium  to 
100  grains  of  the  sample. 

Various  other  methods  of  ascertaining  the  value  of  commer- 
iial  oxide  of  manganese  have  been  proposed  ; but  as  none  of  them 
exceed  in  accuracy  or  convenience  the  method  of  Will  and 
FRESENiusjust  described,  the  principles  of  the  processes  alone  will 
oe  briefly  dascribed. 

(4.)  Method  founded  on  the  reducing  action  of  Protochloride  of 
Tin  (L.  Muller,  ‘Ann.  der  Chem.  und  Pharm.’  Oct.  1851,  and 
Chem.  Gaz.,’ vol.  x.  p.  75). 

Protochloride  of  tin  (stannous  chloride)  and  perchloride  of  iron 
/ferric  chloride)  react  mutually  on  each  other,  thus — 

Sn  Cl„  + Fe2  Cl6  = Sn  Cl4  + 2 Fe  Cl2. 

In  order  to  derive  advantage  from  this  reaction,  two  courses 
night  be  followed : first,  a solution  of  protochloride  of  iron 
ferrous  chloride)  might  be  converted  into  perchloride  of  iron 
ferric  chloride)  by  the  action  of  the  chlorine  developed  from 
ivdrochloric  acid  by  the  oxide  of  manganese  to  be  valued,  and 
hen  the  quantity  of  perchloride  of  iron  thus  formed  in  the 
olution  determined  by  means  of  a solution  containing  a known 
roportion  of  protochloride  of  tin ; or  secondly,  the  chlorine 
volved  may  be  passed  through  a solution  of  protochlonde  of  tin, 
nd  the  perchloride  produced  estimated  by  means  of  a solution  of 
erchloride  of  iron  of  known  strength.  The  author  finds  the 
icond  method  to  be  perfectly  applicable  in  practice,  as  the  chlorine 
1 rapidly  and  completely  absorbed  by  a solution  of  protochloride 
f tin. 

(5.)  Method  founded  on  the  Conversion  of  Arsenions  Acid  into 
l rsenic  Acid  by  means  of  Chlorine  and  Permanganate  of  Potassium 
Astley  Price,  1 Chem.  Gaz.,’  vol.  ii.  p.  416). 

Ten  or  any  number  of  grains  of  the  specimen  under  examina- 
on  are  placed  in  a small  flask,  to  which  ten  or  more  measures 
f a normal  solution  of  arsenious  acid  in  hydrochloric  acid  are 
ided,  and  to  the  flask  is  adapted  a Will’s  nitrogen  apparatus 
ontaining  a solution  of  potassa,  to  retain  any  terchloride  of 
1 K 2 
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arsenic  which  may  be  given  off.  The  flask  is  then  placed  in  a 
water-bath,  or  a gentle  heat  is  applied  until  solution  is  effected. 
The  contents  of  the  flask,  after  being  allowed  to  cool,  are, 
together  with  the  solution  of  potassa,  transferred  to  a larger  flask 
and  diluted  with  water.  The  amount  of  arsenious  acid  remaining 
unchanged  is  then  determined  by  the  addition  of  a standard 
solution  of  permanganate  of  potassium,  and  the  quantity  thus 
indicated  being  deducted  from  the  number  of  grains  of  arsenious 
acid  employed  in  tbe  first  instance,  will  give  the  value  of  the 
specimen  under  analysis. 

(6.)  Method  founded  on  the  Conversion  of  Copper  into  Dichlo- 
ride by  the  Chlorine  evolved  from  Hydrochloric  Acid  by  Oxide  of 
Manganese.  (Nolte,  1 Chem.  Gaz.,’  vol.  xvii.  p.  296.) 

Every  atom  of  peroxide  in  the  ore  sets  free  one  atom  of 
chlorine  from  hydrochloric  acid,  which  in  its  turn  converts  two 
atoms  of  copper  into  dichloride.  Strong  chemically  pure  hydro- 
chloric acid  is  poured  over  a known  quantity  of  the  native 
peroxide  in  a retort,  and  an  excess  of  copper  is  added,  the  evolu- 
tion of  free  chlorine  being  avoided  by  keeping  the  retort  as  cool 
as  possible  until  the  ore  is  completely  decomposed.  The  mixture 
is  then  heated  to  the  boiling  point,  so  as  to  convert  the  proto- 
chloride at  first  formed  into  dichloride.  The  loss  of  copper  in 
weight  gives  the  amount  of  peroxide  in  the  ore,  since  every  two 
atoms  of  copper  dissolved  answer  to  one  of  peroxide. 

Messrs.  Sherer  and  Rtjmpf  (Crookes’  ‘Select  Methods  in 
Chemical  Analysis’),  after  examining  all  the  most  approved  methods 
in  Dr.  Fkesentus’  laboratory  at  Wiesbaden,  have  come  to  the  con- 
clusion that  Bunsen's  method  is  the  best  for  rapidly  giving  the 
amount  of  available  manganese  in  an  ore.  This  process  is  carried 
out  by  dissolving  a weighed  quantity  of  the  sample  in  strong 
hydrochloric  acid  in  a small  flask  until  complete  decomposition  has 
taken  place.  The  escaping  chlorine  is  received  in  a strong 
solution  of  iodide  of  potassium , and  the  liberated  iodide  subse-? 
quently  estimated  by  means  of  a standard  solution  of  hyposulphite 
of  sodium  and  a solution  of  starch.  To  prevent  the  solution  of 
iodide  of  potassium  from  being  sucked  back  into  the  generating 
flask,  a few  small  pieces  of  magnesite  are  introduced  with  the 
manganese,  so  that  a continual  slight  escape  of  carbonic  acid  takes 
place  through  the  solution.  The  solution  of  hyposulphite  of 
sodium  is  tested  by  means  of  carefully  prepared  pure  rodine 
dissolved  in  iodide  of  potassium.  The  solution  should  be  of  such 
a strength  that  1,000  c.c.  of  hyposulphite  of  sodium  corresponds 
to  from  two  to  three  grammes  of  binoxide  of  manganese. 

In  this  estimation  the  iodine  liberated  by  the  chlorine  should  be 
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tested  as  soon  as  possible  after  the  decomposition  : it  gives  higher 
: results  after  standing  twenty-four  hours  than  before.  These 
higher  results  are  caused  by  the  liberation  of  iodine  by 

■ spontaneous  decomposition  of  hydriodic  acid  set  free  by  hydro- 
chloric acid  distilled  over  during  the  process. 

Messrs.  Sherer  and  Rumee  have  made  the  suggestion  that 
the  value  of  manganese  ores  should  be  measured  by  chlorometrical 
degrees  rather  than  by  the  actual  percentage  of  binoxide,  thus 
; tending  in  the  same  direction  as  the  resolution  passed  by  the 
Association  of  Alkali  Makers  in  1869,  ‘That  as  the  testing  of 
manganese,  according  to  the  method  of  Will  and  Fresenils,  is,  in 
the  opinion  of  the  meeting,  incorrect,  and  yields  uncertain  results, 
it  is  recommended  to  the  members  of  this  Association  not  to  buy 
by  that  test.’ 

Dr.  Pall  adopts  Mohr’s  method  of  using  a known  quantity 
of  a standard  solution  of  oxalic  acid  together  with  excess  of  sul- 
. phuric  acid  for  dissolving  the  ore,  if  necessary,  boiling  until  the 
ore  is  completely  dissolved,  and  then  by  a standard  solution  of 

■ permanganate  of  potassium  determining  the  quantity  of  oxalic 
acid  remaining  undecomposed.  This  method  is  very  convenient 

[ for  testing  manganese  ores,  and  involves  only  one  weighing  for 
each  test,  and  the  results  obtained  are  very  uniform.  It  also  has 
: the  advantage  of  giving  results  which  fairly  represent  the  amount 
of  available  peroxide  in  manganese  ores,  for  any  iron  that  may  be 
present,  as  metal,  or  protoxide,  would  consume  an  equivalent 
quantity  of  permanganate  solution,  and  thus  apparently  reduce 
the  quantity  of  oxalic  acid  decomposed  by  the  peroxide  to  an 
extent  proportionate  to  the  amount  of  iron  existing  in  the  ore. 
Thus,  for  instance,  if  the  quantity  of  oxalic  acid  decomposed  by  100 
. grains  of  manganese  ore  free  from  iron  and  protoxide  of  iron  were 
io9'53  grains,  the  ore  would  contain  76*5  per  cent,  of  peroxide, 
and  the  whole  of  that  would  be  available  ; but  if  the  100  grains 
of  ore  also  contained  5 ‘6  grains  of  metallic  iron  or  an  equivalent 
of  protoxide,  the  permanganate  solution  required  for  peroxidizing 
• that  iron  would  represent  6-3  grains  of  oxalic  acid,  and  the 
quantity  of  oxalic  acid  decomposed  by  the  peroxide  would  appear 
-so  much  less  than  it  really  was,  or  103.23  grains  instead  of  109-53 
. grains.  Accordingly,  the  amount  of  peroxide  would  be  repre- 
- sented  as  72.2  per  cent,  instead  of  76-5  per  cent.,  and  that  would 
i in  fact  be  the  amount  of  peroxide  available  for  generating 
chlorine. 

The  method  recommends  itself  by  its  simplicity,  and  by  the 
fact  that  the  standard  solutions  of  oxalic  acid  and  permanganate 
will  keep  for  a long  time  without  alterations  in  value.  The  oxalic 
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acid  solution  contains  63  grammes  in  a litre,  and  1 c.c.  is 
equivalent  to  5 c.c.  of  the  permanganate  solution. 

Pattinson's  Modification  of  Otto's  Process  for  the  Valuation  of 
Manganese. — 30  grains  of  clean  iron  wire  are  placed  in  a 20-  oz. 
flask  along  with  3 oz.  of  dilute  sulphuric  acid,  made  by  adding  3 
parts  of  water  to  1 of  oil  of  vitriol ; a cork,  through  which  passes 
a tube  bent  twice  at  right  angles,  is  inserted  in  the  neck  of  the 
flask,  and  the  flask  is  heated  over  a gas  flame  until  the  iron  is 
dissolved.  The  bent  tube  is  placed  so  as  to  dip  into  a small  flask 
or  beaker  containing  a little  water.  When  the  iron  is  quite  dis- 
solved, 30  grains  of  the  finely-powdered  and  dried  sample  of 
manganese  ore  to  be  tested  are  put  into  the  flask,  the  cork 
replaced,  and  the  contents  again  made  to  boil  gently  over  a gas 
flame  until  it  is  seen  that  the  whole  of  the  black  part  of  the  man- 
ganese ore  is  dissolved ; the  water  in  the  flask  or  beaker  is  then 
allowed  to  recede  through  the  bent  tube  into  the  larger  flask, 
more  distilled  water  added  to  rinse  out  the  small  flask  or  beaker 
and  bent  tube,  the  cork  well  rinsed,  and  the  contents  of  the  flask 
made  up  to  about  8 or  10  ozs.  with  distilled  -water.  The  amount 
of  iron  remaining  unoxidized  in  the  solution  is  then  ascertained 
by  means  of  a standard  solution  of  bichromate  of  potassium.  (See 
Iron  Ores.)  The  amount  the  bichromate  indicates,  deducted 
from  the  amount  of  iron  used,  gives  the  amount  of  iron  which  has 
been  peroxidized  by  the  manganese  ore,  and  from  this  can  be  calcu- 
lated the  percentage  of  peroxide  of  manganese  contained  in  the 
ore.  Thus,  supposing  it  were  found  that  4 grains  of  iron  remained 
unoxidized,  then  30  — 4 = 26  grains  of  iron  have  been  oxidized  by 
the  30  grains  of  ore.  By  a simple  calculation  it  is  found  that  these 
26  grains  of  iron  are  equivalent  to  2043  grains  of  peroxide  of 
manganese,  the  amount  of  peroxide  in  30  grains  of  ore.  The 
percentage  is  therefore  bS^io. 

The  kind  of  iron  wire  which  answers  best  for  these  analyses  is 
that  used  bv  wire-workers,  and  known  as  ‘annealed  iron  wire.’ 

The  length  of  time  required  to  decompose  the  manganese  ore 
depends  upon  the  hardness  of  the  sample.  Soft  ores  will  de- 
compose in  a minute  or  two,  while  very  hard  ores  require  fifteen 
minutes  or  more.  The  standard  bichromate  of  potassium  solution 
is  made  so  that  1,000  fluid-grains  will  peroxidize  10  grains  of  iron. 
If  there  is  reason  to  suppose  that  the  ore  to  be  tested  contains 
more  than  7 8 per  cent,  of  peroxide,  it  will  then  of  course  be  neces- 
sary to  use  less  than  30  grains  of  ore,  or  more  than  30  grains 
of  iron,  as  these  quantities  are  only  intended  for  ores  of  a lower 
percentage  than  about  78. 

IVIiVNNHEIiyi  GOX.D.  See  BkASS. 
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MANURES,  ANALYSIS  OF. — (i.)  Guano. — The  extensive 
use  of  this  complex  manure,  its  high  price,  and  the  consequent 
inducement  held  out  to  unprincipled  vendors  to  sophisticate  it, 
render  it  a matter  of  importance  that  the  real  value  of  a sample, 
as  a fertilizing  agent,  should  be  capable  of  being  tested,  without 
submitting  it  to  the  costly  and  tedious  process  of  an  elaborate 
analysis.  ‘ Impositions,’ says  Professor  Johnston  (‘Elements  of 
Agricultural  Chemistry’),  ‘have  been  practised  on  unwary  farmers, 
by  selling  as  genuine  guano  artificial  mixtures,  made  to  look  so 
like  guano  that  the  practical  man  in  remote  districts  is  unable  to 
detect  it.  A sample  of  such  pretended  guano,  which  had  been 
sown  in  the  neighbourhood  of  Wigtown,  and  had  been  found  to 
produce  no  effect  upon  the  crops,  was  examined  in  my  laboratory, 
and  found  to  contain,  in  the  state  in  which  it  was  sold,  more  than 
half  its  weight  of  gypsum , the  rest  being  peat  or  coal-ashes,  with  a 
little  common  salt,  sulphate  of  ammonium , and  either  dried  urine, 
or  the  refuse  of  the  glue  manufactories,  to  give  it  a smell.  I could 
not  satisfy  myself  that  it  contained  a particle  of  real  guano.’ 
Again  he  says,  ‘ Four  vessels  recently  sailed  hence  (Liverpool) 
for  guano  stations,  ballasted  with  gypsum  (plaster  of  Paris)  ; this 
substance  is  intended  for  admixture  with  guano,  and  will  enable 
the  parties  to  deliver  from  the  vessel  a nice-looking  and  light- 
coloured  article.  Parties  purchasing  guano  are  very  desirous  of 
having  it  delivered  from  the  vessel,  as  they  believe  that  they 
thereby  obtain  it  pure.  The  favourite  material  for  the  adultera- 
tion of  guano  is  umber,  which  is  brought  from  Anglesea  in  large 
quantities.  The  rate  of  admixture,  we  are  informed,  is  about 
15  cwts.  of  umber  to  about  5 cwts.  of  Peruvian  guano,  from  which 
an  excellent-looking  article,  called  African  guano,  is  manu- 
factured.’ 

In  selecting  a guano,  the  following  points  ought  to  be  at- 
tended to  by  the  farmer  (Anderson,  ‘ Elements  of  Agricultural 
Chemistry’) : — 

1.  The  guano  should  be  light-coloured  and  dry,  cohering  very 
slightly  when  squeezed  together,  and  not  gritty. 

2.  It  should  not  have  too  powerful  an  ammoniacal  smell,  and 
should  contain  lumps  which,  when  broken,  appear  of  a paler  colour 
than  the  powder. 

3.  A bushel  should  not  weigh  more  than  from  56  to  60  lbs. 

These  characters  are,  however,  imitated  with  great  skill,  so 

that  they  cannot  be  implicitly  relied  upon,  and  they  are  appli- 
cable to  Peruvian  guano  only.  The  following  are  the  chief  adul- 
terations in  guano,  which  chemical  analysis  alone  can  detect : 

A sort  of  yelluiv  loam,  very  similar  in  appearance  to  guano,  sand, 
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brickdust,  chalk,  umber,  yypsum,  common  salt,  and  occasionally 
also  ground  coprolites  and  inferior  guano.  These  substances  are 
rarely  used  singly,  but  are  commonly  mixed  in  such  proportions 
as  most  closely  to  imitate  the  colour  and  general  appearance  of 
the  genuine  article.  The  adulteration  always  takes  place  in  large 
towns,  because  it  is  only  there  that  facilities  exist  for  obtaining 
the  necessary  materials,  and  carrying  it  out  without  exciting 
suspicion.  ‘ The  sophisticated  article/  observes  Axdekson,  ‘ then 
passes  into  the  hands  of  the  small  country  dealers,  to  whom  it  is 
sold  with  the  assurance  that  it  is  genuine,  and  analysis  quite  un- 
necessary. In  other  instances,  adulterated  and  inferior  guanos 
are  sold  by  the  analysis  of  a genuine  sample  ; and  sometimes  an 
analysis  is  made  to  do  duty  for  many  successive  cargoes  of  a 
guano  which,  though  all  obtained  from  one  deposit,  may  differ 
excessively  in  composition.  In  the  case  of  a Peruvian  guano,  a 
complete  analysis  is  not  necessary  ; but  an  experienced  chemist, 
by  the  application  of  a few  tests,  can  readily  ascertain  whether  the 
sample  is  genuine.  Where  the  difference  in  value  between  different 
samples  is  required,  a complete  analysis  is  necessary,  and  this  is 
indispensable  in  the  case  of  inferior  guanos.’ 

Analysis. — The  following  points  should  be  attended  to  in  the 
chemical  examination  of  this  manure,  the  sample  being  mixed  as 
uniformly  as  possible,  and  kept  in  a well-stoppered  bottle  : — 

I.  Determination  of  the  Water. — Dry  100  grains  in  the  water- 
oven  till  it  ceases  to  lose  weight.  A great  difference  is  here  found, 
even  in  genuine  guanos,  the  margin  extending  from  7 to  20  per 
cent. 

n.  Determination  of  Total  Amount  of  Fixed  Constituents. — In- 
cinerate 50  or  100  grains,  at  a low  red-heat,  in  a porcelain  or 
platinum  crucible  till  the  weight  remains  constant : the  residue 
(which  will  of  course  vary  greatly  according  as  the  guano  is 
ammoniacal  or  phosphoric)  should  be  white  or  grey  ; a yellow  ox- 
red  colour  indicates  a probable  adulteration  with  loa?n,  brickdust, 
or  sand. 

in.  Determination  of  the  Total  Amount  of  Ammonia. — The 
alkalimetrical  method  of  Peligot  gives  excellent  results  ; it  in- 
volves, however,  the  operation  of  distillation.  This  is  obviated  by 
the  following  modification  of  the  process,  which  is  particularly 
applicable  to  the  analysis  of  guano,  and  ammoniacal  manures 
generally: — A weighed  quantity  (say  20  grains)  of  the  guano  is 
placed  in  a shallow  glass  vessel,  about  four  inches  in  diameter, 
standing  in  a plate  filled  with  mercury ; on  a glass  triangle,  laid 
across  the  dish  containing  the  guano,  is  placed  a second  dish,  con- 
taining a measured  volume  of  standard  sulphuric  acid;  a few 
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drachms  of  water  are  then  thrown  on  the  guano,  and  then  some 
milk  of  lime,  by  means  of  a pipette;  the  whole  is  now  covered 
with  a beaker,  and  allowed  to  remain  for  two  or  three  days,  or 
until  reddened  litmus-paper  is  no  longer  affected  when  introduced 
within  the  glass.  The  whole  of  the  ammonia  has  now  been  ex- 
pelled from  the  guano  without  the  aid  of  heat,  and  has  been 
absorbed  by  the  acid ; the  quantity  of  which  left  free  is  deter- 
mined by  means  of  a standard  solution  of  soda,  and  the  amount  of 
ammonia  calculated  from  the  result. 

iy.  Determination  of  the  Total  Amount  of  Nitrogen. — The  fol- 
lowing method,  though  only  an  approximative  one,  recommends 
itself  by  the  facility  with  which  it  is  executed,  and  the  rapidity 
with  which  it  enables  the  operator  to  ascertain  the  comparative 
values  of  different  specimens  of  guano.  It  is  founded  on  the 
fact  that,  when  guano  is  treated  with  a solution  of  chloride  of 
lime , the  nitrogen  both  of  the  organic  mat- 
ter and  of  the  ammoniacal  salts  is  evolved 
as  gas.  Instead  of  collecting  and  measuring 
the  gas  evolved,  which  would  be  scarcely 
practicable  on  account  of  the  violent  effer- 
vescence, the  volume  of  water  which  is  ex- 
pelled by  the  gas  is  ascertained  by  means  of 
the  simple  apparatus  represented  in  the 
figure  ; it  consists  of  a flask  capable  of  con- 
taining about  half  a pint,  provided  with 
a narrow  gas  delivery  tube,  bent  twice  at 
right  angles.  One  limb,  rather  the  shorter 
of  the  two,  is  passed  air-tight  through  the 
cork  of  the  flask,  and  bent  upwards,  to 
prevent  as  far  as  possible  the  escape  of 
bubbles  of  gas.  This  tube  descends  nearly  to  the  bottom  of  the 
flask.  A second  very  narrow  short  tube  is  also  passed  through 
the  cork,  and  serves  for  the  escape  of  air  when  the  cork  is  in- 
troduced. The  longer  limb  of  the  delivery  tube  dips  into  a tall 
cylinder  or  tube,  which  is  graduated  to  cubic  centimetres  or  cubic 
inches.  The  flask  is  half  filled  with  solution  of  chloride  of  lime, 
carefully  prepared  and  kept  in  a dark  place  in  a closed  vessel. 
About  fifteen  or  twenty  grains  of  guano  are  then  weighed  in  a 
small  glass  vessel,  which  may  be  the  end  of  a test  tube,  in  which 
a few  small  shot  have  been  placed  in  order  that  it  may  float.  With 
the  aid  of  the  iron-wire  handle,  shown  in  the  figure,  the  tube  is 
let  down  so  as  to  float  upon  the  surface  of  the  solution  of  chloride 
of  lime,  the  cork  with  the  tube  is  then  tightly  .adjusted,  the  orifice 
of  the  smaller  tube  closed  with  wax,  and  the  flask  shaken  so  that 
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the  little  vessel  may  fill  and  sink ; a volume  of  liquid,  equal  to 
the  nitrogen  evolved  from  the  guano,  then  flows  into  the  gra- 
duated cylinder : when  no  more  liquid  passes  over,  the  cylinder 
is  depressed  so  as  to  bring  the  liquid  to  the  same  level  as  that 
in  the  generating  flask.  The  wax  plug  is  then  removed,  the  cork 
withdrawn,  and  the  liquid  still  contained  in  the  delivery  tube  is 
allowed  to  run  into  the  cylinder,  where  the  whole  is  carefully 
measured.  Fifteen  grains  of  good  Peruvian  guano  evolve  between 
four  and  five  cubic  inches  of  gas.  A more  exact  determination  of 
the  amount  of  nitrogen  is  obtained  by  burning  a known  quantity 
of  the  manure  with  soda  lime,  according  to  Will  and  Varren- 
trapp’s  method,  as  modified  by  Peligot. 

v.  Determination  of  the  Constituents,  Soluble  and  Insoluble  in 
Water. — Digest  150  or  200  grains  with  several  times  its  volume 
of  water ; throw  on  a previously  dried  and  weighed  filter,  and 
wash  till  a few  drops  of  the  wash-water  collected  in  a test  tube 
are  not  rendered  turbid  by  the  addition  of  ammonia  and  chloride 
of  calcium ; the  filter,  with  the  washed  guano,  is  then  thoroughly 
dried  in  the  water-oven  and  weighed.  The  difference,  less  the 
proportion  of  water  found  in  (1.),  gives  the  amount  of  solid  con- 
stituents. Burn  the  insoluble  matter  and  weigh  the  ash,  which 
represents  the  amount  of  fixed  insoluble  salts. 

vi.  Sand. — Dissolve  the  ash  in  dilute  hydrochloric  acid : if 
it  effervesce  stronglg , there  is  reason  to  suspect  an  adulteration  of 
chalk ; a good  guano  only  gives  rise  to  slight  effervescence.  The 
residue,  after  being  well  washed,  dried,  and  gently  ignited,  is 
weighed  as  sand ; it  should  not  exceed  2 per  cent. 

vil.  Determination  of  Phosphate  of  Calcium. — On  adding  slight 
excess  of  ammonia  to  the  hydrochloric  solution  of  the  ash,  this 
salt  falls ; it  is  filtered  off,  washed,  dried,  ignited,  and  weighed. 
The  filtrate  from  the  precipitate  by  ammonia  should  give,  on  the 
addition  of  oxalic  acid,  only  slight  indications  of  lime.  If,  how- 
ever, a considerable  precipitate  occurs,  the  guano  has  certainly 
been  adulterated  with  chalk,  the  amount  of  w'liich  must  be  deter- 
mined. Should  it  be  desired  to  ascertain  the  exact  amount  of 
phosphoric  acid,  the  hydrochloric  solution  of  the  ash  should  be 
nearly  neutralized  by  ammonia,  then  oxalate  of  ammonium  added, 
and  the  solution  boiled,  acetate  of  ammonium  in  excess  being 
added  to  the  boiling  liquid.  On  standing,  oxalate  of  calcium  pre- 
cipitates, and  is  removed  by  filtration,  and  the  phosphoric  acid  in 
the  clear  filtrate  is  determined  as  pyrophosphate  of  magnesium. 

vm.  Determination  of  Alkaline  Salts. — For  practical  purposes, 
it  is  only  necessarv  to  evaporate  the  filtrate  from  the  phosphate  of 
calcium  to  dryness,  and  weigh  the  residue  after  gentle  ignition,  to 
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expel  the  ammoniacal  salts,  calculating  it  as  1 alkaline  salts ; ’ 
when,  however,  chalk  has  been  found  as  an  adulteration,  it  must 
of  course  he  previously  removed  by  oxalic  acid. 

By  way  of  reference,  we  append  some  analyses  of  the  highest 
and  lowest  qualities  of  some  genuine  guanos,  on  the  authority 
of  Professor  Anderson  (‘  Elements  of  Agricultural  Chemistry,’ 
p.  210). 


Angamos 

Peruvian 

Bolivian 

Highest 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Water  .... 

I2-6o 

7-09 

10-37 

21-49 

1 1 '53 

l6‘20 

Organic  matter  and  ) 
ammoniacal  salts  j 

65-62 

50-83 

5573 

46-26 

11-17 

i2"86 

Phosphates 

10-83 

8-70 

25-20 

!8-93 

62-99 

S2-95 

Alkaline  salts . 

rSo 

16-30 

r 50 

10-64 

9 '93 

*3'83 

Sand  ..... 

3 '45 

17-08 

1*20 

2-68 

4'38 

4-16 

100*00 

100*00 

IOO'OO 

100*00 

100*00 

100*00 

Ammonia 

25 '33 

17-15 

18 '95 

i4'65 

1-89 

2-23 

The  following  is  the  composition  of  (so-called)  Peruvian 
guano,  which  has  evidently,  however,  been  adulterated,  and  which 


is  worth  less  than  half  the  price  of  the  genuine  manure  : — 


Water 

. 12-06 

Organic  matter  and  ammoniacal  salts  . 

• 34'i4 

Phosphates  ..... 

. 22-08 

Gypsum  ...... 

. ii-o8 

Alkaline  salts 

. 12-81 

Sand 

• 7'83 

100-00 

(2.)  Superphosphate  of  Calcium. — ‘ The  deliberate  adultera- 
tion of  superphosphates,’  observes  Professor  Anderson,  ‘ that  is, 
the  addition  to  it  of  sand  or  similar  worthless  materials,  I believe 
to  he  but  little  practised.  The  most  common  fraud  consists  in 
selling  as  pure  dissolved  bones,  articles  made  in  part,  and  sometimes 
almost  entirely,  from  coprolites.  Occasionally  refuse  matters  are 
used,  but  less  with  the  intention  of  actually  diminishing  the  value 
of  the  manure  than  for  the  purpose  of  acting  as  driers.  It  is  said 
that  sulphate  of  calcium  is  sometimes  employed  for  this  purpose, 
but  this  is  rarely  done,  because  that  substance  is  always  a necessary 
constituent  of  superphosphate  in  very  large  quantities ; and  as 
farmers  look  upon  it  with  great  suspicion,  all  efforts  of  the  manu- 
facturers are  directed  towards  reducing  its  quantity  as  much  as 
possible.’ 
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There  is  no  manure  which  requires  greater  vigilance  on  the 
part  of  the  purchaser  than  superphosphate  of  calcium,  because  of  the 
great  variations  in  quality ; though,  in  consequence  of  increased 
competition,  and  the  process  of  manufacture  being  better  under- 
stood, it  is  much  better  than  it  was  a few  years  ago. 

Analysis. — The  following  are  the  points  to  be  attended  to  in 
the  chemical  examination  of  this  manure: — 

I.  Determination  of  the  Water. — 50  grains  are  dried  in  the  air- 
bath,  at  a temperature  of  about  300°  F.,  until  the  weight  remains 
constant ; the  loss  represents  the  amount  of  moisture  absorbed  by 
the  superphosphate,  and  the  water  in  the  gypsum. 

II.  Determination  of  the  Relative  Proportion  of  Soluble  and 
Insoluble  Constituents. — 150  grains  of  the  sample  are  boiled  up 
with  water,  and  allowed  to  settle ; the  decanted  fluid  is  thrown 
on  a filter,  and  the  residue  again  and  again  boiled  with  water, 
until  there  is  no  longer  an  acid  reaction.  The  insoluble  matter 
is  then  dried  in  the  air-bath  at  about  300°  F.,  and  weighed.  Of 
course,  any  solid  particles  that  may  have  been  retained  on  the 
filter  are  added  ; this  is  best  done  by  drying  and  burning  the 
filter,  and  adding  the  ash. 

ill.  Determination  of  the  Organic  Matter  in  the  Insoluble. 
Portion. — Moisten  with  a little  nitric  acid,  to  peroxidize  any  iron 
that  may  be  present,  then  ignite  at  a low  red-heat  in  a platinum 
crucible,  placed  sideways,  so  as  to  allow  air  to  have  access;  when 
cold,  weigh.  The  loss  represents  the  amount  of  organic  matter, 
plus  that  of  any  ammoniacal  salts  that  may  have  been  present. 

iv.  Analysis  of  the  Insoluble  Matter. — Boil  for  some  time  with 
dilute  hydrochloric  acid,  dilute  largely,  and  boil  again ; filter, 
wash,  dry,  ignite,  and  weigh  the  residue  on  the  filter,  which  is 
sand  and  clay.  Mix  the  filtrate  and  washings  well  together,  and 
divide  into  three  parts — a,  b,  c.  In  a determine  the  sulphuric  acid 
(from  the  gypsum)  by  chloride  of  barium ; mix  b and  c together, 
add  oxalate  of  ammonium , and  considerable  excess  of  acetate  of 
ammonium,  and  boil.  All  the  lime  is  hereby  precipitated  as  oxa- 
late ; it  is  collected  on  a filter,  and  estimated  as  sulphate.  To  the 
filtrate  from  the  oxalate  of  calcium  add  tartaric  acid  and  ammoniacal 
sulphate  of  magnesium,  which  precipitates  the  phosphoric  acid  as 
ammonio-magnesian  phosphate.  Combine  the  sulphuric  acid  found 
in  a with  the  quantity  of  lime  requisite  to  form  gypsum  (40  sul- 
phuric acid  + 28  lime) ; add  the  remainder  of  the  lime  to  the 
phosphoric  acid,  and  enter  it  as  ‘ insoluble  phosphate.’ 

v.  Analysis  of  the  Soluble  Portion. — Divide  into  three  equal 
parts — a,  b,  c ; transfer  a to  a platinum  dish,  and  evaporate  gently 
on  the  sand-bath,  adding,  a little  at  a time,  thin  milk  of  lime,  until 
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a piece  of  red  litmus-paper  is  turned  faintly  but  distinctly  blue, 
showing  an  alkaline  reaction ; continue  the  evaporation  to  perfect 
dryness,  transfer  to  the  air-bath,  dry  at  320°  F.,  and  then  weigh ; 
ignite,  and  weigh  again.  The  difference  between  the  results  of  the 
two  weighings  expresses  the  quantity  of  organic  matter  in  the 
aqueous  solution.  Boil  the  ignited  residue  with  lime-water,  and 
then  with  distilled  water,  for  a considerable  time ; remove  the 
sulphuric  acid  from  the  filtrate  by  chloride  of  barium,  and  then 
the  excess  of  the  barium  and  calcium  salts  by  carbonate  of  ammo- 
nium, and  filter.  The  filtrate  contains  nothing  but  the  alkalies f 
which  are  determined  in  the  usual  manner.  Determine  the  sul- 
phuric acid  in  b by  chloride  of  barium ; evaporate  c to  dryness  in 
a platinum  dish  with  excess  of  carbonate  of  sodium,  and  add  a 
little  nitre  ; ignite  the  residue,  rinse  into  a beaker,  and  dissolve  in 
hydrochloric  acid  with  the  aid  of  a gentle  heat.  To  the  clear  solu- 
tion add  ammonia,  and  then  acetic  acid  in  excess.  If  any  phosphate 
of  sesquioxide  of  iron  be  here  precipitated,  filter  it  off,  and  divide 
the  filtrate  into  two  equal  parts — in  one  determine  the  phosphoric 
acid  by  the  acetate  of  protoxide  of  uranium  ; the  liquid  should  be 
boiled  after  the  addition  of  this  reagent,  and  the  precipitate 
allowed  to  subside.  Fresentus  recommends  the  addition  of  a 
drop  or  two  of  chloroform  immediately  after  the  precipitation, 
and  when  the  liquid  has  cooled  a little,  giving  the  mixture  a 
vigorous  shake,  which  materially  assists  the  precipitation  of  the 
finer  particles;  these  are  collected  on  a filter,  the  bulk  of  the  pre- 
cipitate being  washed  by  decantation  ; the  well-washed  precipitate 
is  dried  and  ignited ; the  filter  is  also  dried  and  burnt,  and  its 
ashes  added  to  the  ignited  precipitate,  100  parts  of  which  contain 
1978  parts  of  phosphoric  acid.  Determine  the  calcium  and  mag- 
nesium in  the  other  portion  of  c in  the  usual  manner. 

It  is  convenient  to  keep  on  hand  a stock  of  tartarized  ammo- 
niacal  mlphate  of  magnesium  for  phosphoric  acid  determinations. 

The  following  proportions  may  be  used  : — 

2 pints  of  water. 

225  grains  of  tartaric  acid. 

80  „ anhydrous  sulphate  of  magnesium. 

250  „ chloride  of  ammonium. 

Those  engaged  in  the  frequent  analysis  of  superphosphates  of 
calcium,  and  other  phosphatic  manures,  will  find  it  convenient  to 
estimate  the  phosphoric  acid  by  a volumetric  process.  A good 
method  is-the  following  : — 

Bg  Acetate  of  Uranium  (Pincus,  1 Journ.  fur  Prakt.  Chemie,’ 
lxxvi.). 
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A solution  of  phosphate  of  sodium,  the  amount  of  phosphoric 
acid  in  which  is  accurately  known,  must  be  prepared ; its  strength 
should  be  such  that  each  cubic  centimetre  exactly  represents  o-oi 
of  phosphoric  acid.  The  acetate  of  uranium  is  prepared  by  dissolving 
pure  ammonio-carbonate  of  uranium  in  acetic  acid  ; it  must  be 
perfectly  free  from  protoxide,  to  ensure  which  the  solution  must 
be  protected  from  the  light.  The  strength  of  the  solution  is 
determined  by  pouring  5 to  10  cubic  centimetres  of  the  solution 
of  phosphate  of  sodium  into  a beaker,  adding  ammonia  and  an 
excess  of  acetic  acid,  and  then  pouring  the  solution  of  uranium 
from  a burette  with  divisions  of  j5th  to  ~th  cubic  centim.,  stirring 
the  mixture  frequently  during  the  process.  The  peculiar  slimy 
precipitate  of  phosphate  of  uranium  and  ammonium  is  produced. 
From  time  to  time  a drop  of  the  mixture  is  put  upon  a white 
porcelain  plate,  close  to  a drop  of  solution  of  ferrocyanide  of 
potassium,  and  the  two  drops  are  allowed  to  flow  together.  As 
long  as  the  phosphoric  acid  is  not  all  precipitated,  only  a bluish- 
green  colour  is  produced ; but  when  the  smallest  excess  of  oxide 
of  uranium  is  present,  the  spot  which  is  at  first  bluish-green 
becomes  distinctly  surrounded  with  a darker  or  lighter  chocolate- 
coloured  border.  If  the  solution  be  very  dilute,  the  reaction  dis- 
appears again  in  a few  minutes,  after  strong  stirring ; a further 
quantity  of  the  solution  of  uranium  must  then  be  added.  If  the 
brownish-red  colour  has  remained  permanent  for  ten  minutes,  it 
does  not  again  disappear,  but  makes  its  appearance  still  more 
distinctly,  without  any  admixture  of  yellow  and  green,  when, 
after  the  settlement  of  the  slimy  precipitate,  a drop  of  the  clear 
supernatant  fluid  is  employed  for  the  reaction.  When  it  has  been 
clearly  ascertained  by  repeated  experiments  how  many  cubic 
centimetres  of  the  solution  of  uranium  are  necessary  for  the  pre- 
cipitation of  0-05  or  O' 10  gramme  of  phosphoric  acid,  the  solution 
may  by  calculation,  and  by  adding  water,  be  brought  nearly  to 
such  a state  of  dilution  that  each  cubic  centimetre  thereof  may 
precipitate  the  phosphoric  acid  contained  in  one  cubic  centimetre 
of  that  solution,  namely,  o-io  gramme.  By  repeated  experiments, 
and  by  the  addition  of  small  quantities  of  water,  or  of  a con- 
centrated solution  of  oxide  of  uranium,  it  may  be  easily  managed 
that  the  two  solutions  may  be  equivalent  within  the  limits  of 
ith  to  2^ tli  cubic  centimetre,  for  quantities  of  10  to  20  cubic 
centimetres ; so  that  the  highest  possible  error  may  lie  within  the 
limits  of  0-0005  an<i  o-oo  1 gramme  of  phosphoric  acid. 

To  apply  this  method,  the  solution  containing  the  phosphoric 
acid  to  be  determined  is  mixed,  whether  neutral  or  acid,  with 
ammonia,  acetate  of  sodium,  and  then  with  acetic  acid  in  excess. 
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Every  it'll  cubic  centimetre  of  solution  of  oxide  of  uranium 
employed  until  the  production  of  the  reaction,  represents  crooi 
gramme  of  phosphoric  acid;  the  deposition  of  the  precipitate  is 
facilitated  by  heating  the  solution.  The  solution  must  not  con- 
tain either  protoxide  of  iron  or  alumina. 

Another  volumetric  process,  which  is  exceedingly  simple, 
and  has  afforded  satisfactory  results,  is  described  by  Mr.  Barnard 
(Crookes’s  ‘ Select  Methods  in  Chemical  Analysis’).  Suppose  a 
superphosphate  made  in  the  usual  manner,  in  such  a manure  the 
bone  phosphate  may  be  measured  by  the  quantity  of  sulphuric  acid 
employed  in  its  solution.  Extract  all  that  is  soluble  in  water  from 
100  grains  of  the  manure,  and  divide  it  into  two  equal  volumes  of 
1,000  septems  each  in  a beaker  of  the  same  dimensions.  Into  one 
drop  a standard  solution  of  carbonate  of  sodium  from  a burette, 
when  a precipitation  of  bone  phosphate  occurs  ; this,  however,  on 
gently  moving  with  a stirrer,  is  redissolved : continue  to  drop  in 
until  there  is  a faint  trace  of  a permanent  precipitate,  which  may 
be  the  better  detected  by  comparison  with  the  other  volume  in 
the  second  beaker.  When  sufficient  carbonate  pf  sodium  has  been 
added,  then,  after  duly  noting  the  number  of  septems  employed, 
an  additional  septem  may  be  dropped  in,  when  a decided  milkiness 
and  agitation  will  be  manifest.  The  number  of  septems  thus 
employed  is  the  measure  of  the  free  acid  existing  in  the  manure. 
A little  practice  will  enable  the  operator  to  determine  very  nicely 
the  point  of  incipient  precipitation.  Now  throw  in  a piece  of 
litmus-paper — if  blue,  it  instantly  turns  red — and  then  continue 
the  soda  dropping  until  the  red  litmus  becomes  nearly  blue.  A 
few  minutes’  repose  will  allow  sufficient  time  for  the  precipitate 
to  somewhat  settle  down,  leaving  a clear  space  above ; into  this  a 
drop  of  carbonate  of  sodium  solution  may  be  carefully  let  down, 
when,  if  further  precipitation  occurs,  more  carbonate  may  be 
added,  the  whole  stirred,  and  allowed  to  subside.  In  practice,  it 
is  found  that  the  litmus  should  be  brought  to  a decided  but  not 
to  a deep  blue.  Now  the  further  volume  of  the  standard  solu- 
tion of  carbonate  of  sodium  employed  is  the  measure  of  the  sul- 
phuric acid  economically  employed  in  the  manure,  and  is  there- 
fore the  measure  of  the  sulphuric  acid  in  solution. 

It  frequently  happens  on  keeping  that  in  ‘ superphosphate  ’ a 
process  of  ‘going  back,’  or  reduction  takes  place,  so  that  whilst 
a sample  freshly  prepared  may  contain,  say  25  per  cent,  of  soluble 
phosphate,  it  may  contain  after  a time  only  22  or  23  per  cent. 
This  sometimes  gives  rise  to  considerable  disputes  between  buyers 
and  sellers,  and  from  the  nature  of  the  action  the  sellers’  estimate 
must  be  always  the  highest.  To  avoid  these  disputes  it  is 
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becoming  the  custom  to  express  the  amount  of  the  ‘ reduced  ’ 
phosphate  in  an  analysis  of  superphosphate,  and  many  methods 
have  been  proposed  for  the  purpose  of  estimating  it  with 
accuracy.  The  point  is  to  find  some  reagent  which  does  not  affect 
the  undecomposed  coprolite  (that  being  the  mineral  now  more 
especially  considered).  The  best  plan  is  that  in  which  oxalate  of 
ammonium  is  employed.  The  process  is  carried  out  as  follows  : — 
Take  about  ij  gramme  of  the  superphosphate,  extract  the  soluble 
part  with  cold  water,  and  afterwards  with  boiling  water : wash 
the  insoluble  residue  on  the  filter  into  a beaker,  boil  for  about 
half  an  hour  with  oxalate  of  ammonium  and  about  two  drops  of 
oxalic  acid,  so  as  to  have  a slight  acid  reaction  (this  is  done  in 
order  to  keep  the  phosphate  of  magnesium  in  solution).  Then 
filter  : the  filtrate  contains  the  phosphates  of  calcium  and 
magnesium,  and  perhaps  a little  phosphate  of  iron  and 
aluminum. 

To  the  filtrate  add  tartaric  acid,  ammonia,  and  the  magnesic  mix- 
ture (described  above),  and  estimate  the  phosphoric  acid  as  tribasic 
phosphate  of  calcium  [Ca3  (Po4)  2] ; wash  the  insoluble  residue  on 
the  filter  into  a beaker,  boil  for  about  one  hour  with  sulphide  of 
ammonium  and  a few  drops  of  ammonia,  filter,  &c.  To  the  filtrate 
add  the  magnesic  mixture  and  calculate  the  results  in  the  same 
manner  as  the  reduced  phosphates  of  calcium  and  magnesium. 
Oxalate  of  ammonium  is  used  as  being  a perfectly  neutral  salt ; it  is 
altogether  unlikely  to  decompose  a perfectly  mineralized  substance 
like  coprolite.  As  well  known,  the  decomposition  of  gelatinous 
phosphate  of  calcium  by  oxalate  of  ammonium  is  a quantitative 
reaction  which  takes  place  at  once,  the  only  necessity  for  boiling 
being  to  assist  the  subsequent  filtrations.  Boiling  for  ten  minutes 
is.  sufficient  to  effect  the  object,  while  the  oxalate  does  not  under 
these  circumstances  attack  the  coprolite  to  any  extent. 

The  composition  of  superphosphates  must  necessarily  vary 
to  a great  extent,  and  depends  not  only  on  the  materials,  but  on 
the  proportion  of  acid  used  for  solution.  The  analysis  on  the 
opposite  page,  by  Dr.  Anderson  (‘  Elements  of  Agricultural 
Chemistry’),  illustrates  the  composition  of  some  good  samples 
made  from  different  substances. 

Superphosphates  made  from  bones  alone  are  generally  distin- 
guished by  a large  quantity  of  ammonia,  and  rather  a low  per- 
centage of  biphosphate  of  calcium.  This  is  owing  to  the  difficulty 
experienced  in  making  the  acid  react  in  a satisfactory  manner  on 
bones,  the  phosphates  being  protected  from  its  action  by  the  large 
quantity  of  animal  matter,  which  when  moistened  swells  up, 
fills  the  pores,  and  prevents  the  ready  access  of  the  acid  to  the 
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Bones  alone 

Bone  Ash 

Chiefly 

Coprolites 

Mixtures, 
containing  salts 
of  Ammonia 

Water 

Organic  matter  and ) 
ammoniacal  salts  1 
*Brphospht.  of  calcium 
Insoluble  phosphates 
Sulphate  of  calcium . 
Alkaline  salts  . 

Sand. 

Nitrogen  . 
^Equivalent  to  so- 1 
luble  phosphates  1 

774—  779 
17-83...  21-69 

13-18...  9-87 

10-31...  21-17 
46-00...  35-30 
1-46...  0-94 

3-48...  3-24 

5- 33...  10-40 

6- 94...  4-92 

*21-35...  23-09 
5-92...  6-o8 
56-16...  4778 
traces 

3-30...  4-30 

5- 90...  10-17 

5'io...  4-13 

*12-24.. : 1375 
16-90...  0-17 
52-39...  62-62 
2-47...  0-96 

6- oo...  8-20 

7-07...  18- 
9-87...  13- 

*17-63...  12- 
12-60...  8- 

4977...  46- 
o-o6...  i- 
3-00...  2- 

lOO’OO...  100-00 
2*11, ..  3’OI 

20-57—  1579 

IOO'OO...  100-00 
0-23...  0-31 

33"33—  36'02 

IOO'OO...  100-00 
O-II...  0-57 

19-10...  21-43 

100-00...  IOO’OO 

1-28...  I- 
27-50...  19- 

interior  of  tlie  fragments.  Superphosphates  from  hone-ash,  on 
the  other  hand,  contain  a mere  trifle  of  ammonia,  and,  when  well 
made,  a very  large  quantity  of  hiphosphate  of  calcium.  Their 
quality  differs  very  greatly,  and  depends  of  course  on  that  of  the 
bone-ash  employed,  which  can  rarely  he  obtained  of  quality 
sufficient  to  yield  more  than  30  or  35  per  cent,  of  soluble 
phosphates. 

Coprolites  are  seldom  used  alone  for  the  manufacture  of 
superphosphates,  but  are  generally  mixed  with  bone-ash  and  bone- 
dust.  Mixtures  containing  salts  of  ammonia,  flesh,  blood,  &c. 
are  also  largely  manufactured,  and  some  are  now  produced  con- 
taining as  much  as  4 or  5 per  cent,  of  ammonia,  and  the  consump- 
tion of  such  articles  is  largely  increasing. 

The  following  analyses  (Anderson)  illustrate  the  composition 
of  some  inferior  varieties  of  superphosphates,  in  the  manufacture 
of  which  the  quantity  of  sulphuric  acid  has  been  reduced,  and 
consequently  containing  a smaller  proportion  of  soluble  phos- 
phates. These  manures  are  sold  in  the  market  for  much  more  than 
they  are  really  worth  : — 


Water  . ..... 

Organic  matter  and  ammoniacal  salts 
Biphosphate  of  calcium  . 

Insoluble  phosphates 
Sulphate  of  calcium 

Alkaline  salts 

Sand 


2I'6o 
1 1 '62 

2- 98 
2570 
23-60 
10-70 

3- 80 


Ammonia 


ioo-oo 

1-32 


5-37 

7-19 

13-91 

8-8o 

2-02 

6-42 

15-80 

i4‘03 

47-52 

51-93 

373 

3A3 

11-65 

8-20 

100-00 

100-00 

0-59 

o'33 
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Bones. — The  mammal  value  of  bones  is  dependent  partly  on 
their  phosphates  and  partly  on  the  nitrogen  they  yield.  The  fol- 
lowing points  should  be  attended  to  in  estimating  the  value  of  a 
sample : — 

i.  Determination  of  Water. — A weighed  quantity  is  dried  in 
the  water-oven,  until  the  weight  remains  constant. 

II.  Deter  mination  of  the  Total  Amount  of  fixed  Constituents. — 
Introduce  into  a platinum  crucible  about  20  grains  of  the  bone  in 
a coarse  powder  place  the  crucible  in  an  oblique  position  over 
the  gas  or  spirit-burner,  and  allow  it  to  remain  until  the  ash  has 
become  quite  white  ; the  burning  bone  should  be  turned  over  from 
time  to  time  with  a platinum  wire  ,•  when  cold,  weigh  the  residue. 

III.  Determination  of  the  Amount  of  Sand. — Digest  about  20 
grains  (or  the  residue  of  11.)  with  dilute  hydrochloric  acid ; throw 
on  a filter : wash,  dry,  ignite,  and  weigh  the  residue. 

IV.  Determination  of  Lime  and  Phosphoric  Acid. — To  the  filtrate 
from  the  sand  (ill.)  add  a few  drops  of  ammonia,  so  as  nearly  to 
neutralize  the  liquor,  then  add  oxalate  of  ammonium,  boil,  and  then 
excess  of  acetate  of  ammonium  ; allow  the  precipitated  oxalate  of 
calcium  to  subside,  then  filter  it  off,  convert  it  into  sulphate,  and 
weigh.  To  the  filtrate  from  the  oxalate  of  calcium  add  tartaric 
acid,  and  then  ammonio-sulphate  of  magnesium,  and  well  agitate ) 
filter  off,  after  standing  for  a day ; wash  the  precipitate  on  the 
filter  with  ammoniacal  water,  dry,  ignite,  and  weigh  as  pyrophos- 
phate of  magnesium.  This  method  recommends  itself  by  its  ex- 
treme simplicity,  though  it  is  not  absolutely  accurate,  as  it  takes 
no  cognizance  of  .the  magnesia , which  all  bones  contain,-  as,  how- 
ever, it  exhibits  the  total  quantity  of  phosphoric  acid  (the  real 
fertilizing  agent),  it  gives  all  the  information  required  for  esti- 
mating the  manurial  value  of  the  sample. 

v.  Determination  of  the  Nitrogen. — Ignite  from  1 5 to  20  grains 
with  soda-lime,  precisely  according  to  the  method  recommended 
for  the  analysis  of  ammoniacal  salts.  The  result  of  the  analysis 
will  show  the  exact  quantity  of  ammonia  which  the  gelatine  of 
the  bone  is  capable  of  yielding  by  its  decomposition. 

VI.  Determination  of  the  Amount  of  Carbonic  Acid  in  Combi- 
nation with  Calcium , and  perhaps  Magnesium. — This  is  effected  by 
the  method  of  Fresenius  and  Will. 

In  estimating  the  value  of  a manure,  the  particular  element 
required  by  the  soil  to  which  it  is  intended  to  apply  it  must  be 
taken  into  account.  ‘ Thus  (observes  Anderson),  a farmer  who 
finds  that  his  soil  wants  phosphates,  will  look  to  the  manure  con- 
taining the  largest  quantity  of  that  substance,  and  possibly  not 
requiring  ammonia , will  not  care  to  estimate  at  its  full  value  any 
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quantity  of  that  substance  which  he  may  be  compelled  to  take 
along-  with  the  former,  but  will  look  only  to  the  source  from 
which  he  can  obtain  it  most  cheaply.  It  may  be  as  well,  there- 
fore, to  point  out  that  ammonia  is  most  cheaply  purchased  in 
Peruvian  guano,  insoluble  phosphates  in  coprolites,  and  soluble 
phosphates  in  superphosphates  made  from  bone-ash  alone.’ 

The  bones  used  in  agriculture  are  chiefly  those  of  cattle.  The 
following  composition  of  the  bones  of  the  cow  represents  very 
nearly  that  of  a genuine  sample  : — 


Organic  matter  (gelatine)  . 

• 33-25 

Phosphate  of  calcium  . 

• 55-50 

Phosphate  of  magnesium 

3-00 

Carbonate  of  calcium  . 

• 375 

Soda  and  common  salt 

• 3-5o 

Chloride  of  calcium 

. . . 1 -oo 

IOO'OO 


But  bones  are  met  with  in  commerce  in  other  forms,  in  which 
their  organic  matter  has  been  extracted,  either  by  boiling  or  by 
burning;  the  latter  is  very  common  in  the  form  of  the  spent 
animal  charcoal  of  the  sugar  refiners,  which  usually  contains  from 
70  to  80  per  cent,  of  phosphate  of  calcium.  It  was  formerly  con- 
sidered that  the  efficacy  of  bones  as  a manure  depends  solely  on 
the  quantity  of  phosphate  which  they  contain  ; but  the  benefit 
derived  from  the  nitrogenous  constituent,  which  in  the  soil 
eventually  takes  the  form  of  ammonia,  is  now  fully  recognized. 
The  gelatine  or  organic  part  of  bones  consists  of — 


Carbon 
Hydrogen  . 
Nitrogen  . 
Oxygen  . 


5°'37 

6'33 

17-95 

25’35 

100-00 


So  that,  supposing  this  animal  substance  to  be  decomposed  in  the 
soil,  the  quantity  of  it  in  100  lbs.  of  dry  bone  is  sufficient  to  pro- 
duce upwards  of  6£  lbs.  of  ammonia,  as  much  as  is  present  in 
20  lbs.  of  sal-ammoniac,  or  in  30  lbs.  of  crystallized  sulphate  of 
ammonium.  Liebig  has  indeed  advanced  the  opinion  that  the 
ammonia  of  the  atmosphere  will  give  nitrogen  enough  to  the  plant, 
provided  the  soil  be  sufficiently  supplied  with  the  mineral  matters 
which  it  requires ; but  it  is  well  known  that  the  exhausting 
stifiening-liquor  for  calicoes — which  in  Manchester  is  largely  made 
from  bones  by  boiling  them  under  pressure — has  been  applied  as 
a liquid  manure  to  grass  lands  with  the  greatest  success.  Some 
years  ago,  at  the  suggestion  of  the  late  Professor  Johnston,  a series 
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of  experiments  was  made  in  Scotland  to  test  the  relative  value  of 
burnt  and  unburnt  bones,  and  the  general  results  were  these  : — 

ist.  That  whole  bones,  under  favourable  conditions,  seldom 
fail  in  raising  an  average  crop  of  turnips. 

2nd.  That  burnt  bones,  in  equivalent  quantity,  do  not  always 
succeed  in  raising  an  average  crop. 

3rd.  That  when  to  the  burnt  bones  a sufficiency  of  organic 
matter  in  the  form  of  farm-yard  manure  was  added,  then  burnt 
bones  produced  the  usual  effects  of  whole  bones.  The  farmer’s 
surest  reliance  will  therefore  be  on  entire  bones,  especially  if  there 
be  a deficiency  of  organic  matter  in  his  soil. 

MERCURY  (Quicksilver). — Mercury  is  a metal  which,  at 
the  ordinary  temperature,  is  fluid,  of  a silver  white  colour,  with  a 
tinge  of  blue ; very  bright,  tasteless,  inodorous ; specific  gravity 
I3’568.  It  boils  at  about  6oo°  Falir.,  and  may  be  distilled.  Mer- 
cury is  not  very  perceptibly  acted  upon  by  exposure  to  the  air, 
but  when  adulterated  by  other  metals,  especially  by  tin,  it 
becomes  converted  into  a black  powder,  which  yields  oxygen  when 
heated,  the  mercury  being  at  the  same  time  revived. 

Mercury,  as  it  is  met  with  in  commerce,  is  generally  very 
pure,  yet  it  is  often  adulterated  with  lead,  tin,  bismuth ; sometimes 
also  it  contains  copper.  These  impurities,  however,  are  easily 
detected,  because  pure  mercury  does  not  adhere  to  glass,  china,  or 
other  similar  surfaces,  and  therefore,  when  thrown  into  a porcelain 
dish  or  saucer,  the  globules  are  spherical,  and  remain  so  when 
moved  about  ; whilst  if  adulterated  with  any  of  the  above-men- 
tioned metals,  the  globules,  instead  of  remaining  spherical,  adhere 
to  the  surface,  or  are  dragged  in  oval  or  irregular  masses,  leaving 
a sort  of  tail,  which  indicates  at  once  the  presence  of  impurities 
in  solution.  Pure  mercury,  when  poured  into  a glass  tube  closed 
at  one  end,  presents  a convex  surface,  whilst  if  it  contains  other 
metals  in  solution,  the  surface  is  either  plane  or  concave.  Mer- 
cury, which  contains  of  lead,  has  a plane  surface  when  poured 
into  a glass  tube,  and  therefore  this  amalgam  is  often  employed 
for  thermometers  and  other  instruments.  The  objection  to  the 
use  of  such  an  amalgam  in  thermometrical  tubes  of  a small  bore 
is,  that  the  column  of  mercury  moves  with  some  difficulty,  on 
account  of  the  adhesion  to  the  glass ; and  moreover,  it  often  be- 
comes divided  into  two  or  more  portions,  which  remain  hanging 
in  the  capillary  tube,  interfering  with  the  correctness  of  the  in- 
strument; it  is  sometimes  troublesome,  or  even  impossible,  to 
reunite  these  portions  of  the  mercury  in  one  unbroken  column, 
even  by  imparting  a rapid  centrifugal  motion  to  the  instrument. 

When  the  surface  of  mercury  soon  becomes  dull  or  tarnished. 
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or  covered  with  a film,  or  with  a black  powder,  or  does  not  readily 
separate  into  round  brilliant  globules,  it  is  not  pure. 

Mercury  being  completely  volatilized  by  beat,  distillation 
offers  an  easy  means  of  separating  it  from  the  other  metals  with 
which  it  may  be  mixed.  The  distillation  may  be  effected  in  a 
bent  iron  tube,  or  in  an  iron  retort  provided  with  a bent  iron  tube 
•connected  with  a receiver,  or  in  strong  glass  retorts,  as  used  iu 
the  usual  way  for  liquids;  the  impurities  remain  in  the  retort. 

When  mercury  is  distilled  in  a glass  retort,  it  is  advisable  to 
mi  a with  it  about  one-third  or  one-fourth  of  its  weight  of  iron 
filings,  and  the  neck  of  the  retort  should  be  connected  with  a 
receiver  half  full  of  water ; the  opening  or  extremity  of  the  re- 
tort should  be  adjusted  so  as  to  reach  the  surface  of  the  water 
without  plunging  into  it.  If  the  neck  of  the  retort  is  too  short, 
it  may  be  lengthened  by  a glass  tube  or  by  a roll  of  paper. 

M.  Millox  remarked,  that  the  presence  of  certain  metals,  such 
as  lead  and  tin,  impede  considerably  the  distilling  of  mercury; 
which  is,  on  the  contrary,  accelerated  by  other  metals,  such  as 
platinum.  M.  Barreswill  has  shown  that  this  effect  is  due,  in 
the  first  case,  to  a pellicle  of  oxide  from  the  oxidizable  metals, 
which,  covering  the  surface  of  the  mercury,  prevents  its  volatili- 
zation. A layer  of  oil  or  of  resin  acts  in  the  same  way. 

When  the  mercury  contains  arsenic  or  zinc,  a portion  of  the 
zinc  and  the  whole  of  the  arsenic  distil  over  with  the  mercury. 
In  such  a case,  the  mercury  should  be  treated  by  dilute  nitric 
acid,  and  the  whole  should  be  well  shaken.  The  arsenic  and 
zinc,  and,  in  fact,  all  the  metals  which  it  contains,  may  be  thus 
eliminated,  except  tin  ; in  the  latter  case,  hydrochloric  acid  may 
be  used,  and  a gentle  heat  applied. 

The  presence  of  arsenic  is  detected  in  the  above  solution  by 
passing  a stream  of  sulphuretted  hydrogen  through  it,  collecting 
the  precipitated  sulphide  on  a filter,  and  examining  it  before  the 
blow-pipe  with  soda  upon  charcoal.  An  odour  of  garlic  is  in- 
dicative of  the  presence  of  arsenic. 

Mercury,  Oxide  of  (Red  Oxide  of  Mercury , Nitric  Oxide  of 
Mercury , Precipitate  per  sc). — Oxide  of  mercury  is  ordinarily  in 
the  form  of  a crystalline  powder  cf  a red  or  orange-red  colour, 
which  becomes  yellowish  when  reduced  into  veiy  fine  powder, 
very  slightly  soluble  in  water;  the  solution  renders  syrup  of 
violets  green.  When  heated,  peroxide  of  mercury  turns  black, 
but  it  becomes  red  again  on  cooling.  At  400°  it  is  resolved  nto 
mercury,  nnd  oxygen  is  evolved. 

Peroxide  of  mercury  is  sometimes  adulterated  with  red  lead, 
or  with  brick-dust.  This  fraud  may  be  detected  by  heating  a 
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portion  of  it  in  a small  German  glass  tube,  closed  at  one  end, 
until  the  peroxide  of  mercury  is  completely  decomposed ; a fused 
residuum  of  protoxide  of  lead  will  then  he  left,  or,  if  brick-dust  is 
present,  it  will  remain  unaltered  in  the  tube  ; or  a portion  of  the 
peroxide  of  mercury  may  he  heated  on  charcoal  before  the  blow- 
pipe, when  the  lead  or  the  hriclr-dust  will  be  left  on  the  charcoal, 
by  which  means  the  fraud  may  be  at  once  detected. 

mercury,  Chloride  of  (Calomel,  Aquila  Alba,  Mercurius 
Dulcis). — Calomel  is  a compound  of  mercury  and  chlorine; 
white,  inodorous,  tasteless,  semi-transparent,  volatilizable  by 
heat,  but  less  readily  than  corrosive  sublimate.  When  pulverized 
it  has  a pale  yellow  colour,  but  it  becomes  blackish  or  grey  by 
exposure  to  solar  light.  It  is  almost  insoluble  in  cold  water,  but 
is  soluble  in  about  12,000  parts  of  boiling  water. 

Calomel  is  often  adulterated,  to  a considerable  extent,  by  an 
admixture  of  various  white  powders,  such  as  chalk,  sulphate  of 
barium,  white  lead,  and  is  sometimes  contaminated  by  some  cor- 
rosive sublimate  carelessly  left  in  it  by  insufficient  washing ; also 
by  common  salt  and  by  sal-ammoniac. 

As,  however,  calomel  is  completely  volatilizable  by  heat,  the 
fixed  impurities  may  be  readily  detected  and  determined  by 
igniting  a given  weight  of  the  sample. 

In  order  to  ascertain  the  nature  of  the  fixed  impurities,  the 
residuum  left  after  ignition  should  be  treated  by  dilute  hydro- 
chloric acid.  If  an  insoluble  residuum  be  left,  it  may  consist  of 
sulphate  of  barium  or  of  lead.  These  are  distinguished  from  each 
other  by  moistening  the  insoluble  residuum  with  hydrosulphuret  of 
ammonia,  which  will  render  it  black  if  it  consist  of  sulphate  of 
lead,  but  which  will  leave  it  white  if  it  consist  of  sulphate  of 
barium.  If,  on  treating  the  residuum  by  hydrochloric  acid,  an 
effervescence  is  produced,  a carbonate  is  present,  which  may  be 
chalk  (carbonate  of  calcium),  or  white  lead  (carbonate  of  lead). 
The  same  test  as  above  mentioned,  namely  hydrosulphuret  of 
ammonia,  will  identify  which  it  is,  for  if  it  be  carbonate  of  lead, 
the  residuum  will  turn  back ; and  if  it  be  carbonate  of  calcium  it 
will  remain  white.  Or,  after  having  dissolved  (with  effervescence) 
the  residuum  left  after  ignition,  in  hydrochloric  acid,  a current  of 
sulphuretted  hydrogen  passed  through  the  solution  will  produce  a 
black  precipitate  of  sulphide  of  lead,  if  lead  is  present ; and  if 
the  liquor  filtered  from  this  precipitate,  or  in  which  sulphuretted 
hydrogen  failed  in  producing  a precipitate,  being  first  neutralized 
by  ammonia,  and  then  tested,  with  oxalate  of  ammonium,  yields  a 
white  precipitate,  it  is  oxalate  of  ammonium,  and  the  adulteration 
therefore  was  chalk. 
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The  presence  of  corrosive  sublimate  is  always  an  unintentional 
impurity  resulting  from  carelessness,  or  neglect ; the  presence  of 
this  virulent  poison  is  detected  in  calomel  by  pouring  cold  water 
on  a given  weight  of  the  sample,  and  throwing  the  whole  on  a 
paper  filter.  The  cold  water  dissolves  the  corrosive  sublimate  and 
filters  through,  whilst  the  calomel  remains  altogether  on  the  filter. 
The  filtrate,  being  now  tested  by  solution  of  nitrate  of  silver,  will 
produce  a white  precipitate  of  chloride  of  silver ; or  a black  precipi- 
tate of  sulphide  of  mercury,  if  tested  by  sulphretted  hydrogen. 

The  presence  of  corrosive  sublimate  may  also  be' detected  by 
digesting  the  calomel  in  alcohol  and  adding  caustic  potash  to  the 
liquor.  The  corrosive  sublimate  (if  any  have  dissolved)  will 
then  produce  a yellow  or  reddish-brown  precipitate  of  hydrate  of 
oxide  of  mercury. 

Mercury,  Bichloride  of  ( Corrosive  Sublimate'). — Corrosive 
sublimate  is  a compound  of  mercury  and  chlorine.  ' It  has  a 
nauseous,  disagreeable,  and  persisting  metallic  taste.  It  is 
generally  met  with  in  commerce  in  white,  acicular,  imperfectly 
crystallized  masses,  semi-transparent  on  the  edges,  convex,  even, 
and  shining  on  one  side,  concave,  and  full  of  small  confused 
crystals  on  the  other  side ; sometimes  also  in  small  detached 
crystals  which  slightly  effloresce  by  exposure.  It  is  a most  viru- 
lent poison.  The  specific  gravity  of  corrosive  sublimate  is  5,2g8. 

Corrosive  sublimate  is  generally  pure.  Exposed  to  a red-heat, 
it  should  liquefy  and  then  volatilize  entirely.  At  a less  degree  of 
temperature  it  volatilizes  also  without  undergoing  fusion.  It 
should  dissolve  completely  in  sulphuric  ether,  and  likewise  in  three 
parts  of  cold  alcohol.  It  is  totally  soluble  in  water,  and  ether 
takes  it  up  from  its  aqueous  solution.  If  it  contains  any  chloride 
of  mercury  (calomel),  a residuum  is  left  when  dissolved  in  water, 
calomel  being  insoluble  in  that  menstruum. 

The  aqueous  solution  of  corrosive  sublimate  is  decomposed 
and  precipitated  by  lime-water,  or  by  solution  of  potash  in  the 
form  of  a yellow  precipitate,  which  precipitate  should  also  be 
completely  volatilizable  by  heat.  Any  residuum  is  an  impurity, 
the  amount  of  which  may  be  directly  ascertained  by  weighing. 

Mil. K.— Milk  is  a peculiar  and  well  known  liquid  secreted  by 
mammiferous  animals  for  the  nourishment  of  their  young.  It 
consists,  besides  water,  of  organic  substances  destitute  of 
nitrogen — sugar  and  butter;  and  of  an  organic  substance  con- 
taining nitrogen  in  considerable  quantity — the  curd  or  casein.  It 
contains,  moreover,  inorganic  or  saline  matter,  partly  soluble  and 
partly  insoluble  in  pure  water. 

The  proportions  of  these  several  constituents  vary  in  different 
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animals.  This  appears  in  the  following  Table,  which  exhibits  the 
composition  of  the  milk  of  several  animals  in  its  ordinary  state, 
according  to  the  analyses  of  Henry  and  Chevalier  (‘  Johnston’s 
Agricultural  Chemistry  ’)  : — 


Woman 

Cow 

Ass 

Goat 

Ewe 

Cheese  . 

. 1-52 

4-48 

1-82 

4-08 

4 '5° 

Butter  . 

• 3'SS 

3’J3 

O'll 

3'32 

4 "20 

Milk  sugar 

6-50 

477 

6-o8 

5-28 

5-00 

Saline  matter . . 0-45 

o"6o 

°'34 

0-58 

0.68 

Water  . 

. 87-98 

87-02 

9i  ’6S 

86-8o 

88-62 

lOO’OO 

100 -oo 

IOO 'OO 

IOO'OO 

lOO'OO 

The  milk 

from  the  cow, 

the  goat,  and 

the  ewe 

contains 

according  to  this  Table,  much  more  cheesy  matter  than  that  of  the 
woman  or  the  ass.  It  is  probably  the  similarity  of  asses’  milk  to 
that  of  the  woman,  together  with  its  deficiency  in  butter,  which 
from  the  most  remote  times  has  recommended  it  to  invalids  as  a 
light  and  easily  digested  drink. 

General  characters  of  pure  Coiv's  Milk. — The  milk  from  the  cow 
alone  is  the  object  of  this  article.  Genuine  cow’s  milk  is  of  a white 
or  slightly  yellowish-white  colour,  opaque,  heavier  than  water 
usually  in  the  proportion  of  about  1-030  to  rooo.  When  newly 
taken  from  the  animal,  it  is  almost  always  distinctly  alkaline.  It 
speedily  loses  this  character,  however,  when  exposed  to  the  air, 
and  hence  even  new  milk  often  exhibits  a slight  degree  of  acidity. 
When  left  at  rest  for  a number  of  hours,  it  separates  into  two 
portions,  throwing  up  the  lighter  part  to  the  surface  in  the  form 
of  cream.  If  the  whole  milk  or  the  cream  alone  be*  agitated  in  a 
proper  vessel  (a  churn),  the  temperature  of  the  liquid  undergoes  a 
slight  increase,  it  becomes  distinctly  sour,  and  the  fatty  matter 
separates  in  the  form  of  butter. 

If  a little  acid,  suck  as  vinegar  or  diluted  hydrochloric  acid, 
be  added  to  milk  warmed  to  about  ioo°  F.,  it  immediately 
coagulates  and  separates  into  a solid  and  a liquid  part — the  curd 
and  the  whey.  The  same  effect  is  produced  by  the  addition  of 
rennet  or  of  sour  milk,  and  it  takes  place  naturally  when  milk  is 
left  to  itself  until  it  becomes  sour.  At  a very  low  temperature, 
or  when  kept  in  a cool  place,  milk  remains  sweet  for  a con- 
siderable time.  At  the  temperature  of  6o°  F.,  it  soon  turns  or 
acquires  a sour  taste,  and  at  70°  or  So°  it  turns  sour  with  still 
greater  rapidity.  If  sour  milk  be  gently  warmed  it  undergoes 
fermentation,  and  may  be  made  to  yield  an  intoxicating  liquor. 
By  longer  exposure  to  the  air  it  gradually  begins  to  putrify, 
becomes  disagreeable  to  the  taste,  emits  an  unpleasant  odour,  and 
ceases  to  be  a wholesome  article  of  food. 
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The  composition  of  milk  is  here  given : — 


Milk 


( 

Cream  | 


Skim 
L milk 


13  utter 


| Solid  fat 
( Liquid  fat 


Butter-milk.. { whey 

Matter  coa-  f By  rennet 

gulable  ...  1 By  acetic  acid  ... 

Saccharine  matter 

Azotized  matter  . 
^Soluble  in  alcohol 


Salts 


- Soluble  in  water,) 
not  in  alcohol  . 1 


.Insoluble  in  water 


1 Stearine 

2 Bntyrine 

3 Oleine 


4 Caseurn 

5 Zeiger  or  serai 

6 Sugar  of  milk 

7 Osmazome 

8 Alkaline  and 
earthy  lac- 
tates and 
phosphates 

9 Alkaline  sul- 
phates and 
phosphates 

10  Earthy  and 
ferruginous 
phosphates 


Milk  is  therefore  essentially  a mixture  of  cream  and  of  skim- 
milk.  The  cream,  which  consists  of  butter  and  caseurn,  is  lighter 
than  the  skimmed  milk,  which  consists  of  caseurn,  sugar,  sugar 
of  milk,  and  various  salts. 

Berzelius  gave  the  following  analysis  of  skimmed  milk : — 


"Water  . . ; 

Caseurn  and  butter  ..... 

Sugar  of  milk 

Alcoholic  extract  and  lactates  . 

Chloride  of  potassium  .... 
Phosphate  of  alkali  ..... 
Phosphate  of  lime,  calcium  combined  with  ) 
the  caseifm,  magnesia,  and  traces  of  iron  j 


928.75 

26.00 

35.00 
6.00 
1.70 
0.25 

2.30 


1000.00 

As  cream  separates  completely  from  milk  after  several  hours’ 
standing,  the  measurement  of  the  quantity  of  cream  given  by  it 
might  therefore  he  taken  as  a criterion  of  the  quality  of  the 
milk.  For  this  purpose,  an  instrument  called  a ‘ gcilactometer  ’ is 
sold  by  philosophical  instrument-makers,  by  means  of  which  the 
•quantity  of  cream  contained  in  milk  can  be  approximately 
estimated,  the  proportion  of  which  of  course  represents  the 
relative  value  of  milk. 

The  galactometer  is  simply  a large  tube  divided  into  100  equal 
parts.  The  milk  to  he  examined  is  poured  into  the  tube  up  to 
o,  and  the  whole  is  left  in  a clean  and  cool  place  for  10  or  12 
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hours  in  summer,  and  from  15  to  16  in  winter.  At  the  end  of 
that  time  the  whole  of  the  cream  will  have  risen  up,  and  the 

quantity  per  cent,  of  the  cream  contained 
in  the  milk  is  then  determined  by  the 
number  of  degrees  occupied  by  the  cream. 

The  thickness  or  stratum  of  cream  in 
pure  milk  is  generally  from  8 to  8§.  If  the 
milk  submitted  to  experiment  has  been 
mixed,  for  example,  with  one-third  of 
water,  the  quantity  of  cream  produced 
will  be  reduced  to  6J ; if  mixed  with  half 
water,  5 ; and  if  adulterated  with  two- 
thirds  of  its  volume,  the  cream  is  only  3 
per  cent,  of  the  bulk.  Such  an  instrument 
may  evidently  prove  useful  to  the  con- 
sumer, but  more  especially  so  to  the  far- 
mer, who  may  then  ascertain  the  relative 
influence  of  various  kinds  of  food  on  the 
quality  of  the  milk  given  by  his  cattle,  and 
consequently  the  relative  value  of  his  milch- 
cows. 

The  experiments  of  BotTSsnrGAULT  and 
Lebel  tended  to  show  that  the  nature  of  the 
food  on  which  cows  are  fed  has  not  much 
influence  on  the  quantity  and  quality  of  the 
milk.  Dr.  Voelcker  has,  however,  con- 
clusively proved  that  the  amount  and  quality  of  the  food  exer- 
cises a most  remarkable  influence  both  on  the  quality  and 
the  compositions  of  the  milk.  In  a valuable  lecture  recently 
(March  1874)  delivered  by  that  eminent  agricultural  chemist  to 
the  members  of  the  Farmers’  Club,  he  refers  to  a series  of  milk 
analyses  made  by  him  at  Cirencester  College,  with  a view  of 
ascertaining  what  may  be  the  variations  in  the  course  of  a year 
in  the  quality  of  milk  on  one  and  the  same  farm.  He  took 
samples  of  the  milkings  of  all  the  milch-cows  and  analyzed  the 
mornings’  and  evenings’  milk  of  the  first  or  second  day  of  each 
month.  The  cows  were  out  at  grass  from  May  till  the  end  of 
October,  and  as  the  herbage  then  became  so  scarce  as  not  to 
afford  sufficient  nourishment,  they  were  fed  in  the  evening  at  the 
stall  on  roots,  hay,  &c.  It  will  be  seen  by  the  appended  analyses 
that  both  mornings’  and  evenings’  milk  in  September  were 
extremely  poor.  The  poverty  of  this  milk  was  therefore  evidently 
due  to  an  insufficient  supply  of  food.  The  milk  produced  on  two 
other  farms  in  the  neighbourhood  during  the  same  month,  on  being 
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analyzed,  was  found  to  contain  12^  per  cent,  of  solid  matter, 
including  3!  per  cent,  of  fat  (pure  butter),  and  tbe  same  per- 
centage of  curd 3 showing  that  on  both  farms  where  the  cows  were 
supplied  with  a sufflcient  amount  of  nitrogenous  food  the  milk 
was  of  good  quality,  whereas  on  the  college  farm  the  scanty  supply 
of  poor  grass  had  the  effect  of  producing  poor  milk  containing 
96  per  cent,  of  water  and  only  2 per  cent,  of  fat.  The 
influence  of  food  on  the  quality  of  milk  was  also  clearly 
visible  in  the  cows  of  the  College  farm.  On  account  of  the 
insufEcienc}'  of  the  grass  the  ewes  were  driven  into  stall, 
and  there  supplied  with  roots,  hay,  and  meal.  The  milk  became 
better  at  once,  for  the  mornings’  yield  then  contained  12^  per  cent, 
of  solid  matter,  and  in  this  nearly  4 per  cent,  of  butter.  The 
concentrated  food  which  the  cows  received  in  the  evening  was 
evidently  made  into  good  rich  milk  during  the  night.  At  this 
time  the  cows  were  put  on  grass  early  in  the  morning,  and  allowed 
to  pick  up  what  they  could.  This  was  not  much,  as  their  anxiety 
in  the  evening  to  be  let  into  their  stalls  clearly  showed.  The 
influence  of  a stinted  supply  of  grass  was  noticed  at  once  in  the 
poverty  of  the  evenings’  milk.  The  percentage  of  solid  matter  fell 
to  9§  instead  of  124  per  cent.,  and  the  butter  to  3 instead  of  4 
per  cent.  Especial  attention  is  directed  to  the  fact  that  these 
analyses  were  not  made  from  the  milk  of  a single  cow,  but  of  the 
whole  herd,  and  as  the  milch-cows  were  kept  entirely  for  the  use 
of  the  College  there  can  be  no  question  as  to  the  genuineness 
of  the  supply. 

‘ A great  deal,’  observes  Dr.  Voelcker,  1 has  been  said  and 
written  about  milk  adulterations — sheeps’  hrciins,  starch,  chalk, 
and  pipe-clay — which  are  said  (on  what  authority  nobody  has 
ever  decided)  to  have  been  found  in  milk,  only  exist  in  the 
imagination  of  the  credulous  or  half-informed.  It  would  be 
difficult  to  understand  where  all  the  sheeps’  brains  could  come 
from  ; nor  is  it  probable  that  chalk  or  other  insoluble  substances 
not  easily  kept  in  suspension  should  be  employed  in  adulterating 
milk.  Milk  adulteration  resolves  itself  into  one  of  two  things : 
either  the  addition  of  water  or  the  abstraction  of  cream  ; and  the 
question  which  naturally  arises  is,  Can  we  detect  to  a nicety  how 
much  water  lias  been  added,  or  how  much  cream  has  been 
abstracted  from  a given  sample  ? ’ Dr. '.Voelcker  expresses  his 
strong  opinion — the  result  of  many  years’  experience — that  owing  to 
the  natural  variations  in  milk  it  is  utterly  impossible  to  ascertain 
whether  in  all  cases  a small  quantity  of  cream  has  been  removed 
from  milk,  or  an  inconsiderable  proportion  of  water  has  been 
added  to  it j and  he  maintains  that  it  is  a reckless  proceeding  on 
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Composition  of  Morning  and  Evening  Milk  produced  on  the  Agricultural 
College  Farm,  Cirencester. 


Percentage  of 

Water 

Butter 

(pure 

Cnseine 

and 

Milk 
Sugar 
- t 

Mineral 

Matters 

Nitrogen 

il 

fat) 

• ^ 

Albumen 
1 *v 

(fs£) 

- ,Sj 

Timinrv  -f  Morning 
Januaiy  . ^Evening 

8776 

2*6 

2-94 

5-82 

9 

•94 

'47 

87  '40 

2-28 

2-87 

6-56 

•89 

•46 

, (Morning 

I ebruarv . < ■ 0 

* ( Evening 

87-50 

2-58 

3 '44 

5 '44 

I '04 

'55 

86-40 

3 'S3 

3 '37 

5 '56 

1*14 

'54 

March  ' Morning 

88 -6o 

271 

2 ’43 

5'35 

•91 

'39 

| Evening 

88-i6 

2-96 

2-62 

5 '55 

77 

'42 

• -{£35? 

87‘Si 

3-IS 

2-94 

5-60 

•81 

'47 

89-00 

2-47 

2-69 

5-08 

•76 

'43 

-{e”ZI 

88-20 

2*42 

3'12 

o’49 

77 

•50 

87-80 

2171 

2-87 

S'8S 

77 

•46 

T \ Morning 

Jime  ' { Evening 

87-30 

3 'OS 

3-00 

S'89 

76 

•48 

87-30 

2-94 

2-87 

6-05 

•84 

•46 

T , ( Morning 

Jul^  • \ Evening 

88-70 

2*22 

2-94 

S'381 

■76 

'47 

87-80 

3-61 

2'8i 

S'io 

•68 

'45 

September  | Evening 

89-91 

1 '99 

2-94 

4-48 

•64 

'47 

9070 

179 

2’8i 

4-84 

•66 

'45 

October  IMorainS 
Uctooei  . |Evening 

87-60 

3'°o 

2-87 

4-84 

79 

'47  . 

90-30 

2-99 

2'37 

376 

•88 

November  looming 

87-10 

3 '4i 

2-94 

5 '4i 

X'i4 

'47 

rsovemoer  ( Evening 
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the  part  of  any  analyst  to  assert  that  milk  has  been  adulterated 
with  exactly  8 per  cent,  of  water  or  with  1375  per  cent,  of 
skimmed  milk  as  in  one  case,  or  with  i6-25  per  cent,  as  in 
another.  Such  assertions  can  only  he  made  by  young  and 
inexperienced  men. 

Although  chemical  analysis  may  do  much  in  the  way  of 
revealing  adulterations  of  food,  and  although  there  is  no  difficulty 
in  discovering  whether  milk  has  been  skimmed  or  watered  to  any 
great  extent,  all  milk  analyses  should  be  conducted  by  persons 
upon  whose  practical  experience  and  acquaintance  with  the 
subject  reliance  can  be  placed. 

As  the  result  of  Dr.  Voelcker’s  experience  milk  may  be  con- 
sidered rich  when  it  contains  from  12  to  1 2I  per  cent  of  solid 
matter,  3 or  3^  of  which  are  pure  butter.  It  it  contains  moie 
than  1 2^-  per  cent,  of  solid  matter,  and  has  4 per  cent,  or  more  of 
fat,  it  is  of  extra  rich  quality.  Such  milk  usually  throws  up  from 
n to  12  per  cent,  of  cream  by  bulk  after  standing  for  1 2 hours  at 
62°  F.,  and  has  a specific  gravity  varying  from  ro2S  to  i't>30. 
Good  milk  of  fair  average  quality  contains  from  ioi  to  11  per 
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cent,  of  dry  matter,  and  in  this  about  2^  per  cent,  of  pure  fat.  It 
yields  9 to  10  per  cent,  of  cream,  and  has  a specific  gravitj-  of 
of  about  1 -030.  Poor  milk  contains  90  per  cent,  or  more  water, 
and  has  lower  specific  gravity  than  1-027.  Such  milk  yields  not 
more  than  6 to  8 per  cent,  of  cream.  Skimmed  milk  throws  up 
still  less  cream,  has  a bluer  colour,  is  more  transparent,  and 
when  undiluted  with  water  has  a slightly  higher  specific  gravity 
than  new  milk.  Good  skimmed  milk  has  a specific  gravity  of 
1-033,  and  poor  skimmed  milk  1-028  to  1-030.  Milk  purposely 
watered  yields  only  5 to  6 per  cent,  of  cream,  and  invariably  has 
a lower  specific  gravity  than  1-025.  If  milk  is  both  skimmed  and 
watered,  it  yields  less  than  4 per  cent,  of  cream,  and  possesses  as 
low  a specific  gravity  as  1-025  to  i’026.  Specific  gravity  is 
within  certain  limits  the  most  trustworthy  indicator  of  quality. 
Cream  is  lighter  than  milk,  but  denser  than  water  in  the  pro- 
portion of  roi2  or  even  1-019  to  I'ooo.  The  addition  of  cream 
cannot,  therefore,  depress  the  specific  gravity  of  milk  in  the  same 
degree  as  the  addition  of  water.  A low  specific  gravity  thus 
always  indicates  a large  proportion  of  water.  The  results  of  some 
accurate  gravity  determinations  of  pure  milk,  milk  after  skimming, 
and  milk  purposely  mixed  with  10  to  50  per  cent,  of  water, 
showed  Dr.  Voelcker  that  good  pure  milk  has  a specific  gravity 
of  1-030;  skimmed  milk  a little  higher ; and  that  milk  having  "a 
specific  gravity  as  low  as  1-025  is  either  very  poor  or  has 
been  mixed  with  water.  If  the  gravity  should  sink  to  1 -023  or  less, 
the  milk  has  been  mixed  with  a considerable  quantity  of  water. 

Separation  and  Estimation  of  the  Constituents  of  Milk.— Fox 
many  purposes  a rough  examination  may  be  made  as  follows 
(J ohxstox’s  1 Agricultural  Chemistry  ’)  : — 

1 . If  a weighed  quantity  of  milk  be  allowed  to  stand  for  a 
sufficient  length  of  time  the  cream  will  rise  to  the  top,  and  may 
easily  be  skimmed  off.  If  this  cream  be  gently  heated,  the  butter, 
in  an  oily  form,  will  collect  upon  the  surface,  and  when  cold 
may  be  separated  from  the  water  beneath  and  its  weight 
determined. 

2.  If  the  skimmed  milk  be  gently  warmed  and  a little  vinegar 
or  rennet  then  added  to  it,  the  curd  will  separate,  and  may  be 
collected  in  a cloth,  pressed,  dried,  and  weighed. 

3.  If  a second  equal  portion  of  the  milk  be  weighed,  and 
then  evaporated  to  dryness  by  a gentle  heat  and  then°  weighed 
the  los3  will  be  the  quantity  of  water  which  the  milk  contained! 

4.  If  now  the  dried  milk  be  burned  in  the  air  till  all  the 
combustible  matter  disappears,  and  the  residue  be  weighed,  the 
quantity  of  inorganic  saline  matter  will  be  determined. 
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5.  Suppose  these  processes  to  be  performed  with  tolerable 
accuracy,  the  difference  between  the  sum  of  the  weight  of  the 
water,  butter,  curd,  and  ash,  and  the  weight  of  the  millr  employed, 
will  [nearly  represent  that  of  the  sugar  combined  in  the  given 
quantity  of  milk. 

When,  however,  anything  like  an  accurate  analysis  is  required, 
the  following  method  (Haidlen,  1 Annal.  der  Chem.  and  Pharm.’, 
vol.  xiv.  p.  263)  may  be  adopted : — 

(a.)  The  Butter. — The  weighed  quantity  of  milk  is’mixed  with 
one-sixth  of  its  weight  of  common  unburnt  gypsum,  previously 
reduced  to  a very  fine  powder.  The  whole  is  then  evaporated  to 
dryness,  with  frequent  stirring  at  the  heat  of  boiling  water.  A 
brittle  mass  is  obtained,  which  is  reduced  to  fine  powder.  By 
digesting  this  powder  in  ether,  the  whole  butter  is  dissolved  out, 
and,  by  evaporating  the  ether,  may  be  obtained  in  a pure  state 
and  weighed,  or  the  powder  itself,  after  being  treated  with  ether, 
may  be  dried  and  weighed.  The  butter  is  then  estimated  by  the 
loss. 

(b.)  The  Sugar. — After  the  removal  of  the  butter,  alcohol  is 
poured  upon  the  powder  and  digested  with  it.  This  takes  up  the 
sugar  with  a little  saline  matter  soluble  in  alcohol.  By  evapo- 
rating this  solution  and  weighing  the  dry  residue,  the  quantity 
of  sugar  is  determined ; or,  as  before,  the  powder  itself  may  be 
dried  and  weighed,  and  the  sugar  estimated  by  the  loss.  If  we 
wish  to  estimate  the  small  quantity  of  inorganic  saline  matter 
which  has  been  taken  up  along  with  the  sugar,  it  may  be  done  by 
burning  the  latter  in  the  air  and  weighing  the  residue. 

(c.)  The  Saline  Matter. — A second  weighed  portion  of  the  milk 
is  now  evaporated  carefully  to  dryness,  and  again  weighed.  The 
loss  is  water.  The  dried  milk  is  then  burned  in  the  air.  The 
weight  of  the  incombustible  ash  indicates  the  proportion  of  inor- 
ganic saline  matter  contained  in  the  milk. 

(d.)  The  Casein. — The  weight  of  the  butter,  sugar,  saline 
matter,  and  water,  being  thus  known  and  added  together,  the 
deficiency  is  the  weight  of  casein. 

The  following  scheme  for  the  analysis  of  milk  has  been  kindly 
supplied  for  this  work  by  its  author,  Dr.  A.  Voelckek,  F.R.S. : — 
(a.)  Weigh  out  500  grains  of  milk,  add  a few  drops  of  acetic 
acid,  by  which  it  is  at  once  coagulated,  and  the  operation  of 
drying  thereby  facilitated. 

(b.)  Evaporate  in  a thin  porcelain  or  platinum  dish  over  the 
water-bath,  at  a low  heat,  and  finally  dry  at  21 2°  till  the  weight 
remains  constant. 

(c.)  Thoroughly  scrape  the  residue  out  of  the  dish,  and  re- 


MURIATIC  ACID. 


271 

duce  it  to  a fine  powder;  again  dry  at  2120  on  tlie  water-bath  to 
expel  any  water  which  the  residue  may  have  absorbed  durum-  the 
powdering.  The  weight  of  this  residue  should  be  from  55  to  60 
grains. 

(d.)  Determine  the  amount  of  nitrogen  in  about  12  grains  of 
the  residue  by  combustion  with  soda-lime,  and  calculate  the 
amount  of  nitrogen;  this,  multiplied  by  6-25  grains,  gives  the 

amount  of  the  nitrogenous  constituents  of  the  milk  (casein  and 
albumen.')  v 

(ei  Talie  fr°m  20  to  2 5 grains  of  the  dry  residue  and  exhaust 
with  ether  for  the  determination  of  the  fat.  This  is  best  done  by 
p acing  the  powder  in  small  separate  portions  between  cotton- 
wool m an  ether-extracting  apparatus,  consisting  of  a piece  of 
glass  tube  such  as  is  used  for  organic  analyses,  drawn  out  some- 
what at  one  end,  and  passed  air-tight  through  the  cork  of  a small 
flask,  a,  which  flask  is  connected  with  another  similar  flask  b bv 
means  of  a bent  glass  tube,  as  in  .the  alkalimetrical  apparatus  of 
Fresenies  and  WrtL,  described  in  the  article  on  Alkalimetry. 
It  t ie  powdeied  residue  be  divided  in  this  matter  between  cotton 
wool,  it  does  not  clog,  and  the  extraction  of  the  fat  is  rapid  In 
the  elongated  end  of  the  extracting  tube  a plug  of  cotton-wool  is 
placed:  this  forms  an  efficient  filter.  About  three-quarters  of 
an  ounce  of  ether  » placed  in  flask  a,  which  is  then  gently 
heated  by  placing  it  in  some  warm  water;  the  ether  vapour 
passes  through  the  tubes  and  condenses  in  flask  b,  placed  in  a 
beakei  of  cold  water  I3y  removing  the  two  flasks  from  the  warm 
and  the  cold-water,  the  ether  runs  back  from  b,  and  passes  through 
the  milk  residue  and  cotton,  and  extracts  the  fat.  This  process 
repeated  three  or  four  times,  until  a drop  of  ether,  passing^! 
the  cotton  leaves  no  residue  on  evaporation  in  a walch-lass 
Anally,  the  ether  is  distilled  oft1  into  flask  b for  the  greater  part' 
and  the  solution  of  fat  in  ether  in  flask  a is  evaporated  in  a sma  l 

weighed  beaker  and  dried  at  2120.  1 &mail 

- In  rest  of  the  dry  residue,  the  ash  or  mineral  matter 
is  determined  by  careful  incineration  in  a small  platinum  dish 
These  experiments  give  data  for  the  determination  of  water 
casein,  and  ash ; the  difference  is  the  milk  sugar  In  ’ 

portion  of  milk  the  amount  of  cream  is  ascertained  in  the  W 
tometer,  and  the  specific  gravity  determined  c 

ivziKriTnvi.  See  Red  Lead. 

THORTARS  (H-2-imATJZiZC).  See  LlJTE 
ivxurjJEET.  See  Madder. 

MvaiiiTB  or  hmkomu.  See  Sal  Ammoniac 
rutiitiATic  Hois.  See  Hadeochiobio  Acid. 
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MUSK. — Musk  is  a substance  of  a peculiar  and  well-known 
odour,  secreted  in  a bag  by  the  male  musk-deer  (Moschus  moschi- 
ferus,  a species  of  chevrotain  belonging  to  the  moschidae,  or  musk 
tribe),  closely  resembling  the  deer  in  its  general  form  and  appear- 
ance, inhabiting  the  mountainous  Kirgesian  and  Sangorian  steppes 
of  the  Altai,  on  the  river  Irtysch,  extending  eastward  as  far  as 
the  river  Jenesi  and  lake  Baikal.  It  exists  also  in  Mongolia, 
Thibet,  and  Butan,  as  far  as  Tonquin,  and  generally  in  the  moun- 
tains of  Eastern  Asia,  ranging  between  30°  and  6o°  of  latitude. 
The  musk  is  found,  as  above  said,  in  a bag  under  the  belly  of  the 
male  animal,  and  consists  of  several  superposed  membranes  ex- 
ternally covered  by  the  skin  and  hair.  Music,  as  found  in  com- 
merce, is  solid  and  granular,  of  a peculiar,  persisting,  and  well- 
known  odour. 

In  trade,  two  distinct  species  of  musk  are  known,  which  we 
shall  distinguish  as  Musk  «,  comprising  the  Chinese,  Tonquin, 
Thibetian,  or  Oriental  musk ; and  Musk  b,  which,  includes  the 
Siberian,  Cabardinian,  or  Russian  musk.  These  varieties— which 
for  the  sake  of  brevity  we  shall  term,  the  one  Russian  and  the 
other  Chinese— differ  materially  both  in  the  external  appearance 
of  the  bag  and  the  colour  of  the  hair  which  covers  it,  as  well  as 
in  their  chemical  and  physical  properties,  and  different  effects  on 
the  human  constitution. 

It  is  generally  supposed  that  these  differences  depend  chiefly 
on  the  difference  in  climate  which  the  animals  inhabit,  and  partly 
is  to  be  attributed  to  the  difference  in  food  which  such  variations 
in  temperature  occasion.  By  some,  however,  it  has  been  pre- 
mised, that  to  a difference  in  species  may  be  attributed  the  dif- 
ferences of  the  drug.  Dr.  Goebel  is  of  opinion  rather  that  these 
different  properties  of  Chinese  musk,  as  compared  with  the  Rus- 
sian should  be  mainly,  if  not  entirely,  attributed  to  the  difference 
of  treatment  which  they  undergo  in  China,  and  he  considers  that 
the  Chinese  musk  is  the  natural  product  after  it  has  been  sub- 
iected  to  the  ingenious  adulterations  of  the  Chinese.  ^ 

M.  Guibourt  (in  his  ‘ Histoire  abr^gde  des  Drogues  Simples, 
tome  2ieme,  p.  744)  has  given  the  following  qualitative  analjsis 
of  Chinese  musk,  undertaken  by  himself  and  M.  Blondeau  : — 

1 water;  2,  ammonia;  3,  s°dd  fat  (ateanne) ; 4,  liquid  *at 
(elaine);  5,  cholesterine ; 6,  acid  oil,  combined  with  ammonia; 
7 volatile  oil;  8-10,  chlorides  of  ammonium  of  potassium  ancl 
calcium;  1 1,  an  undetermined  acid,  partly  saturated  by_the  pie- 
ceding  bases;  12,  gelatine;  13,  albumen;  14,  hbnne;  15,  car- 
bonaceous matter,  soluble  in  water;  16,  calcareous  salt , 17»  c 
bonate  of  calcium  ; 1 8,  hairs  and  sand. 
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The  quantity  of  water  varies  necessarily  with  the  state  of 
dryness  of  the  musk ; that  examined  by  MM.  Gutbot/rt  and 
Blondeatj  contained  0-46.  The  quantity  of  free  ammonia,  or  that 
which  is  so  feebly  combined  as  to  be  disengaged  by  desiccation, 
varies  in  the  same  manner.  The  musk  referred  to  contained 
000325. 

The  solid  and  liquid  fats  were  found  to  be  identical  with 
that  of  sheep  and  other  ruminants;  the  cholesterine  appeared 
similar  to  that  of  human  biliary  calculi. 

The  chief  exportations  of  musk,  from  the  London  market, 
are  directed  to  Hamburg,  Rotterdam,  and  St.  Petersburg. 

Musk  of  an  excellent  quality  is  now  imported  from  the  United 
States  free  from  carbonate  of  calcium. 

The  following  are  the  characteristics  of  good  musk  : — It  con- 
sists for  the  most  part  of  round,  oval,  slightly  flattened  and  some- 
times irregular  grains,  the  size  of  which  varies  from  that  of  a pin’s 
head  to  that  of  a pea,  and  concreted  together,  slightly  unctuous. 
The  colour  of  the  grains  is  deep  brown,  almost  black,  with  a red- 
dish cast ; when  rubbed  between  the  fingers  the  grains  crumble, 
but  no  grittiness  is  felt. 

The  principal  adulteration  of  this  costly  substance  consists  in 
mixing  it  with  a portion  of  the  blood  of  the  animal,  which,  how- 
ever, may  be  recognized  by  the  larger  size  of  the  grains,  which 
look  like  wrhat  in  fact  they  are,  namely,  clots  of  blood — though  it 
should  be  observed  that  the  Chinese  roll  up  the  dried  blood  into 
pellets,  which  imitate  the  grains  of  genuine  musk  very  closely. 
If,  howrever,  these  grains  be.  heated,  a fetid  vapour  is  evolved, 
which  is  not  the  case  with  genuine  musk. 

Asphaltum  is  another  substance  frequently  used  for  adulterating 
musk,  and  also  a kind  of  black  brittle  earth,  sand,  small  pieces 
of  lead,  heavy  spar,  water. 

Asphaltum  is  detected,  because  if  a grain  of  the  spurious  musk 
be  placed  on  the  point  of  a knife  and  plunged  into  the  flame  of  a 
candle,  it  will  fuse  and  inflame;  whilst  genuine  musk  does  not 
fuse,  nor  does  it  inflame;  it  only  becomes  charged. 

Earthy  matter,  sand,  and  other  impurities,  may  be  easily 
separated,  because  genuine  musk  is  soluble  in  sulphuric  ether,  and 
likewise  in  boiling  water,  either  of  which  menstrua  will  leave  the 
impurities  in  an  insoluble  state ; in  genuine  musk  only  one-fourth 
of  the  weight  is  thus  left  undissolved. 

Falsifications  of  any  kind  may  further  be  detected,  because 
all  the  pods  or  bags  which  have  been  tampered  with  exhibit 
marks  of  sewing  or  stitching,  which  shows  that  the  bags  have 
been  opened  for  the  introduction  of  the  spurious  substance.  The 
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Chinese  musk-bags,  however,  which  invariably  liave  been  opened 
for  that  purpose,  are  sometimes  closed  up  again,  not  by  stitching, 
but  by  gluing  the  sides  together  ; in  which  case,  the  fraud  is  much 
more  difficult  to  detect  by  simple  inspection.  A genuine  musk- 
bag,  however,  has  two  small  openings,  which  are  sometimes  so 
contracted  and  narrow  that  they  are  not  easily  discovered,  but 
whenever  they  are  wanting,  the  pod  is  always  spurious.  The  size 
of  a genuine  musk-bag  varies  from  one  to  two  and  a half  inches  in 
diameter,  and  is  more  or  less  round.  It  is  covered  with  stiff 
yellow  or  brownish-yellow  hair,  converging  towards  the  centre. 
In  those  bags  which  have  been  obtained  from  old  animals,  the 
hair  is  less  abundant,  and  appears  as  if  worn  out ; it  is  also  of  a 
darker  hue.  This  is  a sign  of  some  importance,  because  the 
goodness  and  value  of  the  genuine  article  depends  in  a great 
measure  upon  its  having  been  obtained  from  middle-aged  animals; 
that  procured  from  either  too  young  or  too  old  animals  being  of 
inferior  quality.  The  presence  of  a large  quantity  of  small  round 
grains  in  the  interior  of  the  bag  is  also  a sure  sign  of  the  goodness 
of  the  musk,  aud  when  viewed  through  a microscope  no  fibrous 
particles  should  be  perceived.  As  we  said  before,  the  musk  from 
Russia  or  Siberia  is  always  pure,  and  sometimes  so  fresh,  that 
when  cut  through  moisture  can  be  squeezed  out,  and  the  mass 
inside  is  soft  and  pappy. 

The  chemical  tests  of  the  purity  of  musk  are  the  following  : — 
It  should  dissolve  in  boiling  water,  and  leave  only  one  quarter  of 
its  weight  in  an  insoluble  state,  and  the  boiliug  solution  should 
be  precipitated  by  acids,  more  particularly  bj^  nitric  acid,  so  as 
to  become  almost  colourless.  Solution  of  acetate  of  lead,  and 
that  of  galls,  should  likewise  precipitate  it ; but  one  of  corrosive 
sublimate  should  not  create  the  slightest  precipitate  or  tur- 
bidness. 

The  ashes  of  musk,  after  incineration,  should  not  be  red  or 
yellow,  but  grey,  neither  should  they  exceed  5 or  6 per  cent.  The 
ashes  consist  of  carbonate  and  sulphate  of  potassium,  chloride  of 
potassium,  and  phosphate  of  calcium,  with  traces  of  magnesia  aud 
of  peroxide  of  iron. 

tvxyrob.axan'S. — Myrobalans  are  the  fruits  of  a species  of 
plum-tree  in  East  India,  which  are  occasionally  brought  into  this 
country  in  the  dried  state.  The  dried  fruit  is  shrivelled  up  like 
prunes,  has  an  olive  colour  and  shape,  an  unpleasant,  astringent, 
and  sweetish  taste.  Myrobalans  are  used  in  India,  and  some- 
times also  here,  either  alone  or  mixed  with  galls,  for  making  ink. 

An  aqueous  extract  of  this  fruit  was  some  years  ago  brought 
to  London,  in  large  puncheons  and  hogsheads,  and  after  having 
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remained  for  several  years  a perfect  lumber  in  the  warehouse  at  the 
docks,  spurned  by  all  to  whom  it  was  offered  for  sale,  and  looked 
upon  as  a perfectly  useless  drug,  it  was  at  last  put  into  the  late  Dr. 
Eormandy’s  hands  by  the  importer,  for  the  purpose  of  ascertaining 
whether  any  use  could  be  made  of  it.  It  was  ascertained  that  this 
ill-received  drug  could  produce  a black  dye  and  ink  of  surpassing- 
depth  and  intensity  of  colour,  faster  than  that  obtained  from  the 
best  blue  galls,  and  of  a more  jetty  hue.  It  was  found  also  that 
with  proper  management,  cotton  could  be  dyed  by  it  of  a beautiful, 
fast,  velvet-black  colour.  The  ink  made  from  it  was  better  in 
point  of  colour,  or  at  any  rate,  at  least  equal  to  that  made  from 
the  best  galls,  and  it  resisted  the  action  of  chemical  reagents  in- 
comparably better  than  that  made  in  the  usual  manner.  With 
alum  the  extract  yielded  a most  durable  olive  green,  also  a brown 
colour  of  great  beauty,  on  properly  mordanted  tissues.  Experi- 
ments were  also  tried  with  it  for  tanning  leather,  and  the  result 
has  been  very  satisfactory ; though  it  should  be  remarked  that 
the  leather  so  tanned  retained  a dingy  olive-green  colour,  which 
for  certain  purposes  might  be  objectionable.  This  substance,  the 
use  of  which  is  scarcely  known  in  this  country,  or  which  is  at 
least  but  seldom  employed,  might  be  advantageously  substituted 
for  galls  for  most  purposes,  and  it  is  much  cheaper.  The  value 
of  the  extract  may  be  ascertained  by  gelatine,  exactly  as  for 
catechu. 

MYRRH. — Myrrh  is  a gum-resin,  met  with  in  commerce  in 
angular  pieces,  and  in  grains,  the  largest  of  which  do  not  exceed 
the  size  of  a filbert. 

The  best  myrrh  is  transparent,  of  a reddish-brown  colour, 
easily  broken,  and  its  fracture  exhibits  waving  lines,  of  a lighter 
colour  than  the  mass.  It  has  a strong,  peculiar  odour,  and  a 
bitter,  acrid,  aromatic  flavour.  The  myrrh  which  comes  from 
Abyssinia  is  sometimes  so  soft  that  it  can  be  cut  like  tallow. 
Eighixi  gives  the  following  test  for  ascertaining  the  merits  of 
that  substance  : — Pulverize  the  myrrh,  and  leave  it  mixed  {or  a 
quarter  of  an  hour  with  its  own  weight  of  sal-ammoniac,  also  in 
powder ; add  now  fifteen  times  its  weight  of  water.  If  the  mix- 
ture dissolves  completely  and  rapidly,  the  myrrh  is  pure. 

The  incineration  of  genuine  myrrh  should  not  leave  more  than 
3-6  or  3’8  of  ashes,  consisting  of  sulphate,  phosphate,  and  car- 
bonate of  calcium,  with  a little  carbonate  and  sulphate  of  potas- 
sium, and  a trace  of  chloride  of  potassium. 

nxckei..  See  Kepfer-N ickel. 

NITRATE  OF  POTASSIUM  (Saltpetre,  Nitre). — Nitrate 
of  potassium , more  generally  called  saltpetre  or  nitre,  is  a salt  of 
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great  commercial  importance,  which  is  found  in  abundance  on  the 
surface  of  the  soil,  principally  in  East  India,  Egypt,  America, 
Italy,  and  Spain ; it  is  obtained  also  by  lixiviating  certain  soils 
called  nitre-beds. 

In  France  and  in  Germany  nitre-beds  are  artificially  made 
from  old  plaster  rubbish,  old  mortar,  and  other  calcareous  earth, 
mixed  with  refuse  animal  and  vegetable  matter,  which,  putrefying 
in  contact  with  the  above  calcareous  salts,  forms  nitrate  of  cal- 
cium. The  nitrate  of  calcium  is  afterwards  converted  into  nitrate 
of  potassium  (saltpetre)  by  mixture  with  wood-ashes,  and  lixi- 
viating the  whole.  For  the  particulars  of  this  manufacture  the 
reader  is  referred  to  Dumas,  ‘ Chimie  appliquee  a,ux  Arts,’  and  to 
Dr.  Ure’s  ‘Dictionary  of  Arts,  Manufactures,  and  Mines.’ 

The  saltpetre  consumed  in  England  comes  from  East  India, 
whence  it  is  imported  in  the  rough  state,  that  is,  in  broken 
crystals,  somewhat  resembling  bay-salt,  of  a brownish  or  greyish 
colour,  and  more  or  less  deliquescent. 

Pure  nitrate  of  potassium  is  always  an  anhydrous  salt,  but  its 
rystals  ordinarily  retain  a small  quantity  of  water  of  inter- 
position, especially  when  the  crystals  are  large.  Its  specific  gravity 
is  i '933.  It  crystallizes  in  long  striated  six-sided  prisms,  gene- 
rally terminated  by  diedral  summits,  and  often  contain  longi- 
tudinal cavities  internally.  Nitrate  of  potassium  sometimes 
crystallizes  in  rhomboedrons.  Pure  nitre  is  colourless  and  in- 
odorous ; its  taste  is  at  first  fresh  and  cooling,  and  then  somewhat 
pungent  and  bitter.  It  is  not  altered  by  exposure  to  the  air,  but 
it  deliquesces  in  an  atmosphere  fully  saturated  with  moisture. 

According  to  M.  Gay-Lussac,  the  solubility  of  nitre  in  water 
increases  very  considerably  with  the  temperature,  and  in  the 
following  proportions  : — 


Cent. 


IOO 

parts  of  water  at 

o°  = 

77 

24  = 

77 

77 

507  = 

77 

797  = 

77 

77 

977  = 

Fahr. 


3 2° 

dissolve 

13-3 

of  nitre. 

75-2 

77 

33-4 

77 

123-26 

77 

977 

7? 

175-56 

77 

1697 

77 

207-86 

77 

236-0 

77 

Sal  prunella , or  crystal  mineral,  is  saltpetre  which  has  been 
exposed  to  6oo°  Fahr.,  at  which  temperature  nitre  fuses  without 
being  decomposed,  and  forms,  in  cooling,  a white  compact  mass, 
which  is  more  easily  pulverized  than  the  crystals  of  nitre,  and 
which  is  sometimes  cast  into  balls  or  cakes. 
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The  impurities  contained  in  rough  saltpetre  are  : — 

Water. 

Chloride  of  sodium  (common  salt)  in  various  proportions. 
Nitrate  of  sodium  1 Resulting-  from  the  reaction  of 
Chloride  of  potassium  J common  salt  upon  the  nitre. 
Sulphate  of  calcium,  or  of  alkalies. 

Traces  of  organic  matter. 

The  determination  of  these  impurities,  or  the  loss  which 
results  from  the  purification  or  refining  of  nitre,  is  called  refrac- 
tion. and  is  sometimes  attended  with  difficulties. 

There  are  various  methods  of  assaying  saltpetre ; but  which- 
ever process  is  adopted,  great  attention  must  be  paid  in  the  taking 
of  samples,  that  they  may  represent,  when  mixed,  a fair  average 
of  the  quality  of  the  article. 

Valuation  of  Nitre. — 1.  Method  of  Pelouze  (‘  Comptes  rendus,’ 
January  1847). — This  is  founded  on  the  peroxidation  of  a proto- 
salt of  iron  by  the  oxygen  of  the  nitric  acid,  a solution  of  per- 
manganate of  potassium  being  employed,  as  in  Marguerite's 
process  (see  Iron),  to  indicate  the  completion  of  the  oxidation. 
The  operation  is  as  follows : — It  is  first  accurately  determined  how 
much  pure  nitrate  of  potassium  is  requisite  to  peroxidize  a known 
weight  of  iron  dissolved  in  excess  of  hydrochloric  acid.  Pelouze 
found  that  2 grammes  of  pure  iron  (pianoforte  wire),  dissolved  in 
a considerable  excess  of  hydrochloric  acid,  required  from  1-212  to 
i'22o  gramme;  on  an  average,  therefore,  1-216  gramme  of  pure 
nitrate  of  potassium.  He  examined  the  nature  of  the  gases  given 
off  in  this  reaction,  and  found  them  to  consist  of  hydrochloric  acid 
and  binoxide  of  nitrogen.  Converting  these  numbers  into  equiva- 
lents, they  correspond  to  6 equivalents  of  iron  and  1 equivalent  of 
nitrate  of  potassium : the  acid  of  this  last  salt  is  decomposed, 
therefore,  into  binoxide  of  nitrogen,  which  is  disengaged,  and 
into  3 equivalents  of  oxygen,  which  deprive  the  hydrochloric  acid 
of  3 equivalents  of  hydrogen  to  form  3 equivalents  of  water  and 
liberate  3 equivalents  of  chlorine,  which  produce  with  the  6 
equivalents  of  protochloride  of  iron  3 equivalents  of  perchloride. 
Jt  will  be  observed,  by  the  way,  that  this  decomposition  of 
nitrates  by  protosalts  of  iron  in  the  presence  of  an  excess  of  hydro- 
chloric acid  furnishes  a method  of  preparing  binoxide  of  nitrogen. 
This  decomposition  being  established,  it  occurred  to  Pelouze  that 
it  might  be  made  the  basis  of  a ready  and  simple  method  of  ana- 
lyzing the  nitrates.  He  found  that  the  presence  of  sulphates  and 
chlorides  in  no  way  interfered  with  the  decomposition,  in  what- 
ever proportion  they  were  present;  and  there  only  therefore 
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remained  to  be  found  a safe  and  ready  method  of  determining,  in 
the  assay  of  an  impure  nitrate,  the  quantity  of  iron  not  per- 
oxidized.  Such  a method  has  been  described  by  Marguerite. 
Suppose,  for  instance,  that,  having  operated  upon  30-88  grains  of 
iron  and  18-77  grains  of  impure-  nitre,  the  permanganate  of 
potassium  indicates  that  3-088  grains  of  iron  have  not  been  per- 
oxidized,  it  may  be  concluded  that  30-88  grains  minus  3-088  grains, 
or  27-79  grains,  have  been  peroxidized.  Now,  if  the  nitre  had 
been  pure,  the  whole  30-88  grains  would  have  been  peroxidized  ; 
we  therefore  have  the  proportion — 

As  30-88  : 18-77  : : 27-79  : 16-89 ; 

the  18-77  grains  of  impure  nitre  consequently  contain  16  89  grains 
of  nitrate  of  potassium,  or  90  per  cent. 

The  following  example  will  illustrate  the  practical  details  of 
the  method.  The  specimen  may  be  supposed  to  be  taken  from  a 
sample  of  the  crude  nitre  of  commerce  as  it  is  sent  to  the 
refiner : — 

30-88  grains  of  pianoforte  wire  are  placed  in  a flask  of  the 
capacity  of  about  10  cubic  inches,  and  on  them  are  poured  about 
1,500  grains  of  strong  hydrochloric  acid;  the  flask  is  closed  with 
a cork  furnished  with  a drawn-out  tube,  and  the  iron  dissolved  at 
a gentle  heat.  When  the  whole  is  dissolved,  18-52  grains  of  the 
nitre  under  examination  are  introduced,  the  flask  is  immediately 
closed,  and  the  liquid  boiled ; it  becomes  of  a brown  colour  ; 
dense  vapours  of  hydrochloric  acid,  mixed  with  binoxide  of  nitro- 
gen, issue  from  the  orifice  of  the  drawn-out  tube,  and  prevent  the 
access  of  air.  As  soon  as  the  liquid  loses  the  brown  colour,  it 
becomes  yellow,  and  gradually  brightens : after  boiling  for  five  or 
six  minutes,  and  when  the  liquid  has  become  perfectly  trans- 
parent, the  flask  is  removed  from  the  fire,  the  liquid  which  it  con- 
tains, and  the  wash-water,  are  poured  into  a flask  capable  of  hold- 
ing about  60  cubic  inches,  which  is  then  entirely  filled  with 
ordinary  water : upon  this  a solution  of  permanganate  of  potassium 
of  known  strength  is  gradually  added  from  a graduated  burette. 
The  operation  is  then  finished,  and  there  remains  only  to  calculate 
the  result. 

Let  us  suppose  that  the  solution  of  permanganate  was  of  such 
a strength  that  25  divisions  of  the  burette  were  required  to  per- 
oxidize  7-72  grains  of  iron,  or  50  divisions  for  I5'44  graiHS  of  that 
metal;  and  idt  us  further  suppose  that  to  complete  the  preceding 
experiment  10  divisions  of  the  same  solution  were  required;  now, 
if  50  divisions  of  this  permanganate  suffice  to  peroxidize  20  of 
iron,  how  much  ought  10  divisions  to  peroxidize  ? 
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As  50  : 15-44  ::  10  : 3-088. 

3-088  therefore  are  subtracted  from  30-88  grains  of  iron,  and  it 
may  be  concluded  that  the  remaining  27-888  have  been  per- 
oxidized  by  18-52  grains  of  crude  nitre  ; but  it  is  known  that 
30-88  grains  of  iron  represent  18-77  grains  of  pure  nitrate  of 
potassium,  the  quantity  of  that  salt  therefore  corresponding  to 
27-888  grains  of  iron  is  found  by  the  following  proportion  : — 

As  30-88  : 18-77  " 27-888  : 16-95. 

In  the  18-52  grains  of  saltpetre  submitted  to  analysis  there  were 
therefore  16-95  grains  of  pure  nitre  = 91-4  per  cent.  In  performing 
the  experiment,  the  operator  must  be  careful  in  guarding  against 
access  of  air,  otherwise  this  would  be  apt  to  act  upon  the  bin- 
oxide  of  nitrogen,  and  render  it  capable  of  peroxidizing  a further 
quantity  of  iron,  so  that  the  amount  of  nitre  would  be  exagge- 
rated. However,  the  peroxidation  of  iron,  when  the  metal  is 
dissolved  in  a strongly  acid  liquid,  is  very  slow,  as  Marguerite 
has  shown  ; and  in  the  manner  of  conducting  the  process,  as 
described  above,  the  inconveience  is  avoided,  for  as  soon  as  the 
iron  has  disappeared  in  the  acid  the  flask  is  filled  with  hydrogen 
and  hydrochloric  acid  gases : the  nitrate  which  is  introduced 
carries  with  it  but  a mere  trace  of  air,  and  the  liquid  kept  boiling 
disengages,  by  the  drawn-out  tube,  acid  and  aqueous  vapours,  the 
issuing  forth  of  which  being  always  visible  and  readily  main- 
tained, does  not  allow  the  admission  of  any  air. 

Pelouze  states  that  he  has  confirmed  the  accuracy  of  his 
method  by  the  analysis  of  several  other  nitrates,  such  as  those  of 
sodium,  ammonium,  lead,  &c. ; and  lie  observes,  further,  that  it  will 
enable  us  to  determine  the  amount  of  water  in  certain  nitrates, 
the  composition  of  which  is  at  present  doubtful. 

This  method  has  been  subjected  to  an  elaborate  critical  exa- 
mination by  Abel  and  Bloxau  (‘Quart.  Jour.  Chem.  Soc.’,  vol.ix. 
p.  97).  They  have  arrived  at  the  conclusion  that,  although  the 
reaction  upon  which  it  is  founded  is  perfectly  correct,  and  that 
therefore  it  frequently  happens  that  the  most  accurate  results  are 
furnished  by  it,  nevertheless  these  results  are  liable  to  contain 
disturbing  causes,  which  are  so  far  beyond  the  control  of  the 
operator  as  to  deprive  the  method  of  that  certainty  so  essential  to 
any  process  in  use  for  commercial  analysis.  These  disturbing  causes 
are — 1.  The  action  of  air  upon  the  nitric  oxide  gas,  by  which 
nitric  acid  is  regenerated.  2.  The  incomplete  expulsion  of  the 
nitric  oxide  from  the  fluid,  in  consequence  of  which  it  reduces  a 
larger  quantity  of  permanganate  of  potassium  than  corresponds 
with  the  amount  of  protoxide  of  iron  contained  in  it ; this,  how- 
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ever,  is  only  to  be  feared  in  dilate  solutions.  3.  The  evolution  ot 
nitric  acid  before  it  has  acted  upon  the  protochloride  of  iron,  espe- 
cially when  the  fluid  boils  very  rapidly  after  the  addition  of  the 
nitrate,  and  when  the  excess  of  protochloride  of  iron  is  pro- 
portionally small.  All  these  sources  of  error  may,  according  to 
Fresenttjs  (Liebig’s  ‘ Annalen,’  May  1858,  p.  217),  be  avoided, 
and  perfectly  satisfactory  results  obtained,  by  the  following  method 
of  operating  : — Into  the  belly  of  a tubulated  long-necked  retort, 
capable  of  containing  about  200  cubic  centimetres,  so  fixed  that 
the  neck  is  directed  a little  obliquely  upwards,  is  put  about  1-5 
gramme  of  fine  pianoforte  wire,  accurately  weighed,  and  from  20 
to  40  cubic  centimetres  of  pure  fuming  hydrochloric  acid  are 
added.  Hydrogen  gas,  washed  in  a solution  of  potasb,  is  now 
passed  in  through  the  tubulure  by  means  of  a glass  tube  reaching 
about  two  centimetres  into  the  retort,  and  the  neck  of  the  retort 
is  united  to  a U-shaped  tube  containing  a little  water.  The  belly 
of  the  retort  is  placed  on  the  water-bath,  and  gently  heated,  till 
tne  iron  is  completely  dissolved.  It  is  then  allowed  to  cool  in  the 
current  of  hydrogen,  which  is  afterwards  strengthened,  and  the 
nitrate,  weighed  in  a small  tube,  is  thrown  in  with  the  tube 
through  the  neck  of  the  retort.  The  quantity  of  the  nitrate  should 
be  calculated,  so  that  it  may  only  contain  about  o-20o  gramme  of 
nitric  acid.  After  the  union  of  the  neck  of  the  retort  with  the 
U tube,  the  contents  of  the  retort  are  heated  on  the  water-bath 
for  about  a quarter  of  an  hour,  the  water-bath  is  then  removed, 
and  heat  is  applied  by  a lamp  so  as  to  produce  strong  ebullition, 
until  the  solution,  which  has  a dark  colour  from  the  absorbed 
nitric  oxide  gas,  has  acquired  the  colour  of  perchloride  of  iron ; 
after  reaching  this  point,  the  boiling  is  continued  for  a few 
minutes.  Every  time  the  fluid  is  agitated,  care  must  be  taken 
that  dry  salt  is  never  deposited  on  the  walls  of  the  retort.  Before 
the  boiling  is  stopped,  the  current  of  hydrogen  gas  is  strengthened, 
in  order  to  prevent  the  entrance  of  air  through  the  U tube  when 
the  lamp  is  removed.  The  retort  is  allowed  to  cool  in  the  current 
of  hydrogen,  the  contents  are  much  diluted  with  water,  and 
finally  the  iron,  still  existing  as  protoxide,  is  determined  with 
solution  of  permanganate  of  potassium. 

This  method  may,  according  to  the  author,  be  employed  with 
the  greatest  confidence  when  no  organic  matters  are  present. 

Instead  of  estimating  the  amount  of  protoxide  of  iron  on  which 
the  nitric  acid  has  not  acted  by  permanganate  of  potassium, 
Braun-  (‘Journ.  fur  Prakt.  Chem.’,  lxxxi.  421)  determines  the 
amount  of  peroxide  formed  by  means  of  iodide  of  potassium  and 
hyposulphite  of  sodium.  The  perchloride  of  iron  decomposes  the 
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iodide  of  potassium,  and  sets  the  iodine  at  liberty,  even  in  the 
cold,  but  more  completely  when  the  reaction  is  assisted  by  a 
gentle  heat.  The  free  iodine  is  estimated  by  a normal  solution 
of  the  hyposulphite,  after  having  added  a small  quantity  of  starch 
paste.  The  normal  solution  of  hyposulphite  of  sodium  is  pre- 
pared either  by  dissolving  a known  weight  of  the  salt  in  a simi- 
larly known  weight  of  water,  or  by  standardizing  with  a solution 
of  hyposulphite  of  unknown  strength  the  iodine  set  free  by  per- 
chloride  of  iron  prepared  from  a known  weight  of  metallic  iron. 

11.  Gay-Lussac’s  method,  modified  by  Abel  and  Bloxam. — The 
nitrate  is  converted  into  carbonate  by  fusion  with  charcoal,  and 
the  amount  of  alkaline  carbonate  is  determined  by  a standard 
solution  of  sulphuric  acid.  In  order  to  moderate  the  evolution 
of  nitrogen  gas,  a certain  quantity  of  pure  common  salt  is  added 
to  the  mixture.  The  proportions  usually  employed  are  1 part 
of  lamp-black,  4 of  nitre,  and  24  of  salt,  to  20  of  nitre.  The 
nitre  and  charcoal  are  first  mixed  in  a platinum  crucible  with 
a glass  rod,  the  chloride  of  sodium  is  then  added,  and  an  intimate 
mixture  of  the  whole  is  made.  The  crucible  is  covered  and 
heated,  cautiously  at  first,  to  prevent  too  violent  deflagration,  and 
afterwards  for  a few  minutes  at  a red  temperature ; when  cold, 
the  contents  of  the  crucible  are  washed  into  a flask,  treated  with 
hot  water,  the  residual  carbon  filtered  off,  and  the  alkalinity  of 
the  solution  then  determined  by  a normal  solution  of  sulphuric  acid. 

Abel  and  Bloxam,  who  have  thoroughly  investigated  this 
method,  likewise  Quart.  Journ.  Chem.  Soc.’,  vol.  ix.  p.  no,  and 
vol.  x.  p.  107)  employ  an  acid  so  far  diluted  that  a little  less  than 
1,000  grain-measures  are  required  to  neutralize  the  amount  of 
carbonate  of  potassium,  corresponding  to  20  grains  of  nitre.  An 
acid  of  this  description  contains  from  8 0 to  8‘5  grains  of  anhydrous 
acid  in  1,000  grain-measures.  The  strength  of  the  acid  having 
been  approximately  ascertained  by  the  neutralization  of  a known 
weight  of  carbonate  of  sodium,  is  finally  determined  with  the 
greatest  possible  accuracy  by  precipitation  as  sulphate  of  barium. 
In  performing  the  alkalimetrical  assay,  a sufficient  quantity  of 
aqueous  solution  of  litmus  is  added  to  impart  a deep  blue  colour 
to  the  liquid  ; the  standard  acid  is  then  added  until  it  acquires  a 
wine-red  tint  from  the  dissolved  carbonic  acid  ; the  liquid  is  then 
boiled,  and  the  acid  very  carefully  added,  drop  by  drop,  until  the 
peculiar  onion-skin  red  colour  imparted  by  the  stronger  acids  to 
litmus  is  obtained.  The  accurate  appreciation  of  the  colour  is 
much  facilitated  by  using,  as  a standard  of  comparison,  a similar 
quantity  of  coloured  water  to  which  a few  drops  of  sulphuric  acid 
have  been  added. 
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A great  number  of  experiments  made  by  Abel  and  Bloxam 
disclosed  a considerable  uncertainty  in  the  above  method.  This 
they  traced  to  the  following  facts  : — I.  That  a considerable  quan- 
tity of  nitre  may  escape  decomposition  at  a high  temperature, 
even  when  intimately  mixed  with  an  excess  of  finely  divided 
carbon,  and  although  vivid  deflagration  of  another  portion  of  the 
nitre  had  taken  place  in  its  immediate  neighbourhood.  2.  That 
in  the  deflagration  of  a mixture  of  nitre,  salt,  and  charcoal, 
binoxide  of  nitrogen  is  evolved  in  large  quantity.  3.  That  in  the 
deflagration,  cyanide  of  potassium  is  formed  ; and  that,  even  where 
much  care  had  been  taken  to  remove  moisture  from  the  mate- 
rials, a notable  quantity  of  ammonia  is  evolved.  4.  That  the 
oxidation  of  cyanide  of  potassium,  by  exposure  to  the  air  at  a high 
temperature,  is  not  prevented  by  the  presence  of  carbon  in  a 
finely  divided  state,  or  even  by  covering  it  with  a layer  of 
carbon.  By  substituting  pure,  ignited,  and  finely  divided  graphite 
for  charcoal,  in  the  conversion  of  the  nitrate  into  carbonate  of 
potassium,  and  by  the  subsequent  treatment  of  the  fused  mass  with 
chlorate  of  potassium  in  order  to  oxidize  the  cyanate  of  potassium 
formed  by  the  oxidation  of  the  cyanide  of  potassium,  and  to 
obviate  the  errors  which  may  arise  from  the  reduction  of  any 
sulphates  which  may  be  present,  Abel  and  Bloxam  succeeded  in 
obtaining  very  accurate  results.  The  proportions  they  recommend 
are  20  grains  of  nitre,  5 grains  of  ignited  graphite,  and  80  grains 
of  pure  common  salt.  The  crucible,  covered  with  a jacket,  should 
be  loosely  covered,  and  moderately  heated  for  two  or  three 
minutes  over  the  gauze  gas-burner ; it  should  then  be  allowed  to 
cool  to  such  an  extent  that  chlorate  of  potassium  shall  not  fuse 
when  sprinkled  upon  the  mass.  About  25  grains  of  the  chlorate 
are  added,  so  as  to  form  a layer  upon  the  surface.  A very  gentle 
beat  is  first  applied,  until  most  of  the  chlorate  has  been  de- 
composed, when  the  temperature  is  raised  to  bright  redness,  and 
maintained  in  that  state  for  two  or  three  minutes;  when  cool, 
the  mass  is  to  be  carefully  shaken  out  of  the  crucible  into  a 
funnel,  and  the  crucible  and  cover  washed  with  boiling  water. 
The  mass  is  dissolved  by  a stream  of  hot  water  from  a washing- 
bottle,  and  the  solution  allowed  to  run  into  the  flask-in  which  the 
determination  is  to  be  made ; the  liquid  is  coloured  with  litmus, 
and  neutralized  with  the  standard  acid. 

NITRATE  or  SILVER.  See  SILVER. 

NITRATE  or  SODIUM  (Nitre  Cubic). — Cubic  nitre,  or 
Chili  saltpetre , is  the  commercial  name  of  nitrate  of  sodium,  which 
is  found  in  a native  state,  in  extensive  deposits  under  a thin 
stratum  of  clay,  on  the  boundary  coasts  between  Peru  and  Chili. 
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titrate  of  sodium  being  hygroscopic,  cannot  be  used  in  the  manu- 
facture of  gunpowder  ; but  nitrate  of  potassium  is  sometimes  made 
from  it,  in  countries  where  potash  is  cheap,  by  treating  the  nitrate 
of  sodium  by  carbonate  of  potassium  or  chloride  of  potassium. 
The  nitrate  of  sodium  and  chloride  of  potassium  being  first 
dissolved  in  boiling  water,  and  mixed  together  in  the  proper  pro- 
portions, chloride  of  sodium,  being  the  less  soluble  salt,  falls  first, 
aud  nitrate  of  potassium  remains  in  the  liquor,  from  which  it  is 
deposited  in  crystals  on  cooling. 

The  principal  use  of  nitrate  of  sodium,  however,  is  for  the  manu- 
facture of  nitric  acid,  by  decomposing  it  with  sulphuric  acid;  and 
as  a source  of  nitric  acid  in  the  manufacture  of  sulphuric  acid.  It 
is  also  employed  as  a manure. 

The  nitrate  of  sodium  of  commerce  is  met  with  in  the  form  of 
a moist,  dirty,  brownish  mass,  containing,  when  not  adulterated, 
generally  more  than  95  per  cent,  of  the  salt,  and  frequently  only 
a mere  fraction  of  chloride  of  sodium  or  other  impurities. 

The  mode  of  ascertaining  the  commercial  value  of  nitrate  of 
sodium  is  exactly  the  same  as  for  nitrate  of  potassium. 

NITRE.  See  NlTKATE  OF  POTASSIUM. 

NITRE  (CUBIC).  See  NlTRATE  OF  SODIUM. 

NITRIC  ACIT  (Azotic  Acid,  Aquafortis). — Nitric  acid 
is  a compound  of  nitrogen  and  oxygen.  The  most  concentrated 
acid  contains  14  per  cent,  of  water.  The  density  of  nitric  acid 
diminishes  in  proportion  to  its  state  of  dilution. 

The  specific  gravity  of  commercial  nitric  acid  is  generally 
1-31,  but  it  is  sometimes  met  with  as  high  as  1*513,  which  corre- 
sponds to  85*7  per  cent,  of  real  acid,  in  which  state  it  is  a colour- 
less liquid,  of  a strong,  disagreeable,  suffocating  odour ; its  taste 
is  excessively  acid  and  corrosive  ; it  emits  white,  irritating  fumes 
in  the  air,  but  when  diluted  it  does  not  fume  ; it  rapidly  destroys 
organic  substances,  and  stains  them  yellow.  The  commercial  con- 
centrated acid  has  generally  a yellowish  colour.  When  the  acid 
is  known  to  be  pure,  its  strength  may  be  determined  by  taking  its 
specific  gravity.  The  Table  on  next  page,  by  Dr.  Ure,  shows 
the  strength  of  the  acid  corresponding  with  its  density. 

The  specific  gravity  of  nitric  acid  is  sometimes  , artificially 
augmented  by  dissolving  nitrate  of  potassium  in  it ; this  sophisti- 
cation, however,  is  ver-y  easily  detected  by  evaporating  the  acid, 
when  the  nitrate  so  added  will  be  left  behind.  But  the  best  wav 
of  ascertaining  the  real  value  of  nitric  acid  is  by  determinin'^ 
its  saturating  power,  as  has  been  indicated  in  the  article  on 
Addimetry. 

The  nitric  acid  of  commerce  is  frequently  contaminated  by 
sulphuric  and  hydrochloric  acids , or  by  chlorine  or  chlorides . 
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Specific 

Gravity 

Liquid 
Acid 
in  100 

Dry  Acid 
in  100 

Specific 

Gravity 

Liquid 
Acid 
in  100 

Dry  Acid 
in  100 

1 '5000 

IOO 

79  *700 

1-2947 

50 

39-850 

1 '4980 

99 

78-903 

1-2887 

49 

39-053 

1 ’4960 

98 

78-106 

1-2826 

48 

38-256 

1 '4940 

97 

77-309 

1-2765 

47 

37-459 

1*4910 

96 

76-512 

1 -2705 

46 

36-662 

1 '4880 

95 

75715 

1-2644 

45 

35-865 

1-485° 

94 

74'9l8 

1-2583 

44 

35-068 

1 ’4820 

93 

74*121 

1-2523 

43 

34-271 

1-4790 

92 

73'324 

1-2462 

42 

33-474 

1 -4760 

9i 

72'527 

I*2402 

4i 

32-677 

1 '4730 

90 

71730 

i'234i 

40 

31-380 

I *4700 

89 

70'933 

1*2277 

39 

3i'o83 

1 -4670 

88 

7°'i36 

I '2212 

38 

30-286 

1-4640  ' 

87 

69'339 

1-2148 

37 

29-489 

1 '4600 

86 

68-542 

1-2084 

36 

28-692 

1 ‘4570 

85 

67745 

1*2019 

35 

27-895 

1 ’4530 

84 

66-948 

1-1958 

34 

27-098 

1 -4500 

83 

66-155 

1-1895 

33 

26-301 

1-4460 

82 

6S'354 

1-1833 

32 

25-504 

1 -4424 

8r 

64-557 

1-177° 

31 

24-707 

i'438S 

80 

63-760 

1 -1709 

30 

23  *900 

1 ‘4346 

79 

62-963 

1-1648 

29 

23-113 

1-4306 

78 

62-166 

1-1587 

28 

22-316 

1 -4269 

77 

61-369 

1-1526 

27 

21-519 

1 -4228 

76 

60-572 

1-1465 

26 

20*722 

1-4189 

75 

59-775 

1-1403 

25 

19-925 

1-4147 

74 

58'978 

1 -1345 

24 

19-128 

1-4107 

73 

58-181 

1-1286 

23. 

i8'33i 

1 -4065 

72 

57-384 

1-1227 

22 

17-534 

1-4023 

7i 

56-587 

i'ii68 

21 

16737 

i'3978 

70 

55-790 

1-1109 

20 

15-940 

1 '3945 

69 

54-993 

1-1051 

*9 

I5-I43 

1-3882 

68 

54-196 

1 -0993 

18 

14-346 

i'3833 

67 

53-399 

1-0935 

1 7 

I3-549 

i'3783 

66 

52-602 

1 -0878 

l6 

12752 

i'3732 

65 

5i'8o5 

1 -0821 

15 

^i-955 

1-3681 

64 

51  "068 

1 "0764 

14 

11-158 

1 -3630 

63 

50-211 

1 "0708  _ 

13 

10-361 

1 '3579 

62 

49-414 

1-0651 

12 

9-564 

i'3529 

6l 

48-617 

i-o595 

IX 

8767 

1 '3477 

60 

47-820 

1-0540 

IO 

7970 

1 -3427 

59 

47-023 

1 -0485 

9 

7173 

1 '3376 

58 

46-226 

1-0430 

8 

6-376 

i'3323 

57 

45-429 

1-0375 

7 

5-579 

1-3270 

56 

44-632 

1*0320 

6 

4782 

1-3216 

55 

43'835 

1 '0267 

5 

3-985 

i'3l63 

54 

43-038 

I "0212 

4 

3i88 

i'3110 

53 

42*241 

I -0159 

3 

2-391 

i'3°56 

52 

41-444 

I -0106 

2 

i-594 

1*3001 

5i 

40-647 

110053 

1 

0-797 

The  presence  of  sulphuric  acid  is  detected  by  evaporating 
about  two  ounces  of  the  acid  in  a platinum  dish  till  it  is  reduced  to 
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about  two  drachms,  then  with  pure  water,  and  adding  a solution 
of  nitrate  of  barium  ; if  this  produces  a white  precipitate, 
insoluble  in  water,  in  acids,  and  likewise  in  ammonia,  it  is  sul- 
phate of  barium,  and  it  indicates,  of  course,  the  presence  of 
sulphuric  acid.  If  the  precipitate  is  in  ponderable  quantities,  it 
should  be  first  boiled  with  the  acid  liquor  in  which  it  has  been 
produced,  allowed  to  settle,  filtered,  washed,  dried,  ignited,  and 
weighed.  117  grains  of  sulphate  of  barium  represent  40  of  dry 
sulphuric  acid,  or  each  grain  of  sulphate  of  barium  represents 
0-34368  grain  of  dry  sulphuric  acid. 

The  presence  of  chlorine , or  of  chlorides,  or  of  hydrochloric 
acid , is  detected  by  diluting  the  nitric  acid  with  pure  water,  and 
adding  a solution  of  nitrate  of  silver.  If  a white,  curdy  precipi- 
tate, or  an  opaline  tinge,  or  turbidness  is  produced,  insoluble  in 
nitric  acid,  but  which  immediately  disappears  by  pouring  an 
excess  of  ammonia,  and  reappears  by  adding  an  excess  of  acid,  it 
is  chloride  of  silver  ; in  which  case  the  acid  liquor  should  be 
moderately  heated,  in  order  to  promote  the  settling  of  the  precipi- 
tate, which  may  then  be  collected  on  a filter,  as  small  as  possible, 
washed,  and  carefully  dried.  It  should  then  be  introduced  into  a 
counterpoised  porcelain  crucible  ; the  filter  being  scraped  clean,  is 
then  burnt  upon  the  cover  of  the  crucible,  and  the  ashes  are  added 
to  the  precipitate  in  the  crucible  ; the  mass  is  then  fused,  and  after 
cooling,  it  is  weighed.  145  grains  of  chloride  of  silver  represent 
35.5  grains  of  chlorine,  or  36-5  grains  of  hydrochloric  acid ; or 
each  grain  of  fused  chloride  of  silver  represents  0-24729  grain  of 
chlorine,  or  0-25427  grain  of  hydrochloric  acid. 

Before  testing  the  acid  do  not  omit  to  dilute  it  with  three  or 
four  times  its  bulk  of  distilled  water,  for  otherwise  a precipitate 
would  be  produced,  but  which  is  nothing  else  than  nitrate  of 
barium  and  nitrate  of  silver,  which  might  simulate  the  presence 
of  sulphuric  acid  and  of  chlorine.  Such  precipitates,  however, 
immediately  disappear  by  an  addition  of  water. 

When  nitric  acid  contains  fixed  substances,  they  are  easily 
detected  by  evaporating  a small  quantity  of  the  acid  in  a watch- 
glass  or  small  capsule,  in  which  case  a fixed  residuum  will  be  left. 
Pure  nitric  acid  is  entirely  volatilizable  by  heat. 

Impure  nitric  acid  can  always  be  easily  purified  by  adding  to 
it  a sufficient  quantity  of  nitrate  of  silver,  in  order  to  precipitate 
the  chlorine  and  sulphuric  acid,  decanting  the  acid  from  the  pre- 
cipitates produced,  and  distilling  it  in  a glass  retort  and  glass 
receiver,  taking  care  not  to  use  either  lute  or  cork.  If  done  with 
care,  and  at  a moderate  heat,  the  acid  which  passes  over  is  perfectly 
white. 
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OXX.S. — There  are  two  kinds  of  oils,  fa.)  The  fixed  oils,  which, 
as  their  name  implies,  do  not  sensibly  evaporate  at  the  ordinary 
temperature,  and  which  do  not  distil  at  the  temperature  of  boiling 
water ; such  oils  have  only  a faint  odour,  similar  to  that  of  the 
substances  from  which  they  have  been  extracted,  and  have 
scarcely  any  taste,  at  least  when  fresh.  Their  gravity  is  less 
than  water,  and  ranges  between  0-913  and  0-936.  They  per- 
manently stain  paper  and  render  it  translucid. 

(b.)  The  volatile  or  essential  oils , which  are  entirely  dissimiliar 
both  in  properties  and  composition.  When  distilled  with  water 
they  pass  over  at  2120,  or  when  distilled  by  themselves  at  or  under 
about  320°  Fahr.  They  have  a caustic,  hot,  acrid  taste,  and  an 
aromatic  odour.  Their  specific  gravity  ranges  between  0-847  and 
1-096. 

Fixed  Oils  and  Fats. — These  are  most  indispensable  requisites 
of  domestic  economy  ; equally  important  for  nourishment,  as 
materials  for  the  manufacture  of  soap,  and  as  sources  of  light. 
Fats  are  not  homogeneous  chemical  combinations,  but  mixtures  of 
such  which,  taken  singly,  have  all  the  properties  of  fats  them- 
selves. By  congelation  at  low  temperatures  and  pressure  of  the 
concrete  mass  a separation  of  the  fat  ensues  into  a liquid  and  a 
solid  portion.  The  former  consists  of  olein  and  the  latter  of  stearin 
or  margarm,  or  a mixture  of  both. 

By  pressure  between  folds  of  blotting-paper  or  in  linen  bags  a 
nearly  complete  separation  of  the  olein  takes  place,  and  the  solid 
stearin  or  margarin  remains.  By  heating  the  paper  in  water  the 
liquid  olein  may  be  obtained  separate. 


Enumeration  of  Vegetal  Greasy  Oils  (Muspraxt’s  ‘ Chemical 


Dictionary  ’). 

Name 

Plants  yielding  the  Oil  Specific  Gravity 

Olive-oil  . . 

Olea  Europae 

0-9176 

Rapeseed-oil 

Brassica  campestris  et  Napus 

0-9136 

Colza-oil  . . . 

Brassica  campestris  oleifera  . 

0-9136 

Summer  rape- 
seed-oil  . . 

■ Brassica  prsecox  .... 

0-9390 

Almond-oil  . . 

Amygdalus  communis  . . 

0-9180 

Cocoanut-oil 

Cocos  nucifera 

• 

Palm-oil  . . . • 

' Cocos  butyracea  vel  Avoira ' 
elais j 

0-9680 

Tee-loil  . . . 

Sesamum  orientale  . . . 

Oil  of  bin  . . 

Guilandina  mohringa  . . . 

OILS. 
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Enumeration  of  Vegetal  Greasy  Oils — (continued). 


Name 

Plants  yielding  the  Oil 

Specific  Gravity 

Beech-oil  . . 

Fagus  silvatica  .... 

. 0-9225 

Oil  of  mustard 

Synapis  nigra  etarvensis  . 

. 0-9160 

Plum-kernel-oil 

Prunus  domestica  . . . 

. 0-9127 

Butter  of  cocoa 

Theobroma  cocao  . . . 

. 0-8920 

Laurel-oil  . . 

Laurus  nobilis  .... 

Ground  nut-oil 

Arachis  hypogea  . . . 

. 0-9242 

Pincy  tallow  . 

Yateria  Indica  .... 

. 0-9260 

Oil  of  radish  seed 

Raphanus  sativus  oleifera 

. 0-9189 

Cherrystone-oil 

Prunus  malus  .... 

1 

. 0-9237 

Apple-seed-oil  . 

Pyrus  cerasus  .... 

Spindle-tree-oil 

Euonymus  Europseus  . . 

. 0-9389 

Cornel  - berry  - 1 
tree-oil.  . . J 

Cornus  sanguinea  . . . 

Oil  of  the  roots  ' 
of  cyper  grass 

■ Cyperus  esculenta  . . . 

. 0-9180 

Henbane  - seed  - 
oil  . . . 

■ Hyoscyamus  niger  . . . 

. 0-9130 

Horse-chestnut- 
oil  ..  . 

- A E sculus  Hippocastanus  . 

. 0-9270 

Drying  Oils. — These  oils  differ  from  those  just  enumerated  by 
their  property  of  becoming  gradually  converted  into  solid  masses 
by  exposure  to  the  atmosphere,  and  also  by  not  being  solidified  by 
contact  with  nitrous  acid  or  protonitrate  of  mercury.  Their 
principal  use  is  in  the  preparation  of  varnishes  and  painters’ 
colours,  and  the  more  quickly  they  become  hard  by  exposure  the 
more  valuable  they  are  for  these  purposes.  Their  seccative  pro- 
pert' es  may  be  much  increased  by  heating  them  with  about  7 
or  8 per  cent,  of  their  weight  of  litharge , which  in  this  pro- 
portion is  for  the  most  part  dissolved  by  the  oil. 


Enumeration  of  Drying  Oils. 


Name 

Linseed  oil  . 

Nut-oil  . . 

Poppy-oil 

Ilempseed-oil 

Castor-oil 

Crrape8eed-oil 

Cucumber-oil 

Sunflower-oil 


Plants  yielding  the  Oil  Specific  Gravity 
f Linum  usitatissimum  et  per- 

’ \ enne 

J Corylus  avellana  et  Juglans  j 
' | regia  1 


}° 


9347 


0220 


Papaver  somniferum  . . . 0-9243 

Cannabis  sativa 0-9276 

lbicinus  communis.  . . . 0-9611 

Vitis  vinifera 0-9202 

Cucurbita  Pepo  et  Mepepo  . 0-9231 
Ilelianthus  annuus  et perennis  0-9262 
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Enumeration  of  Drying  Oils — (continued). 


Name 

Tobacco-seed-oil 
Oil  of  julieure 
Oil  of  camelina 
Oil  of  weld-seed 
Oil  of  cress-seed 
Oil  of  deadly  1 
nightshade  . J 
Oil  of  cotton-seed 
Pinetop-oil  . . 


Plants  yielding  the  Oil  Specific  Gravity 

Nicotiana  Tabacum  et  rustica  0-9232 
Hesperis  matronalis  . . . 0-9281 

Myagrum  sativa  ....  0-9252 

Reseda  luteola o 9258 

Lepidium  sativum  . . . 0-9240 

Atropa  belladonna  ....  0-9500 

Gossypium  barbadense  . 

Pinus  abies 0-9285 


According  to  Mr.  ITeidenrreich,  of  Strasburg,  the  purity 
of  the  fixed  oils  of  commerce  may  be  approximate!}' determined, 
and  the  admixture  of  cheaper  oils  detected,  in  the  following 
manner : — 

(1.)  By  observing  the  peculiar  odour  of  the  oil  when  gently 
heated. 

For  this  purpose,  a few  drops  of  the  oil  under  examination 
should  be  poured  into  a small  porcelain  or  platinum  capsule,  and 
exposed  to  the  heat  of  a spirit-lamp.  The  odour  which  is  evolved, 
immediately  suggests  that  of  the  plant  or  of  the  animal  from 
which  it  has  been  obtained,  and  this  characteristic  is  valuable 
more  especially  if  observed  in  conjunction  with  the  genuine  oil, 
and  furnishes  accurate  indications  of  the  presence  of  linseed-oil, 
whale-oil,  train-oil,  or  rape-oil,  in  any  mixture.  M.  Penot, 
however,  observes  that  the  odour  of  the  oil  is  not  always  a safe 
criterion,  since  an  oil  of  the  same  fruit  or  nut  has  not  always  the 
same  odour.  This  is  especially  the  case  with  olive-oil,  the  odour 
of  which  differs  according  to  the  different  places  where  it  has 
been  grown.  The  same  is  the  case  with  other  oils,  if  cold  drawn, 
or  if  expressed  under  the  influence  of  heat. 

(2.)  By  the  action  of  concentrated  sulphuric  acid. 

‘ By  mixing  a small  quantity  of  concentrated  sulphuric  acid 
with  some  oil  (in  proportion  of  about  1 or  2 parts  of  the  former  to 
100  parts  of  oil),  very  intense  action  immediately  ensues,  the 
temperature  increases,  and  the  mixture  becomes  coloured. 

1 A plate  of  white  glass  being  laid  over  a sheet  of  white  paper, 
if  we  place  on  the  former  from  10  to  15  drops  of  oil,  and  then  add 
thereto  one  small  drop  of  sulphuric  acid  of  66°  =1-632  specific 
gravity,  a colour  will  soon  be  produced  without  stirring,  differing 
according  to  the  oil  employed. 

‘ In  the  case  of  rape-oil  there  will  gradually  form,  at  a certain 
distance  from  the  drop  of  sulphuric  acid,  a greenish-blue  ring, 
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-whilst  towards  the  centre,  where  the  action  is  more  violent,  light 
yellow-brown  streaks  may  be  observed. 

‘ The  expressed  oil  of  black  mustard-seecl  likewise  assumes  a 
tinge  of  bluish-green ; but  the  quantity  of  oil  must,  in  this  case, 
be  increased  to  25  or  30  drops. 

‘In  train-oil,  obtained  from  the  whale  or  stock-fish,  a very 
peculiar  motion  occurs,  commencing  at  the  centre  and  extending 
to  the  outside,  whilst  a red  colour  is  observed,  which  grows  more 
and  more  vivid,  until  after  ten  or  fifteen  minutes,  when  the 
margin  assumes  a violet  tinge,  which,  in  the  course  of  about  two 
hours,  becomes  uniform  throughout  the  mixture. 

1 Olive-oil  instantly  assumes  a pale  yellow  colour,  which 
afterwards  becomes  a yellowish-green. 

‘ In  poppy-oil , and  that  obtained  from  sweet  almonds,  the 
colour  approaches  to  that  of  the  greenfinch,  and  afterwards  becomes 
of  a dead  yellow  hue. 

‘ In  linseed-oil,  a drop  of  acid  produces  a beautiful  dark 
brownish-red  web,  which  is  gradually  converted  into  a brownish 
black. 

‘ Talloiv-oil  (called  by  the  trade  oleic  acid)  is  rendered 
brown. 

‘ If,  instead  of  allowing  the  sulphuric  acid  to  act  on  the  oil 
undisturbed,  both  fluids  be  stirred  up  with  a glass  rod  after  adding 
the  drop  of  sulphuric  acid,  the  phenomena  mentioned  appear  in 
different  order. 

‘ Rape-oil  then  assumes  a uniform  brown  colour,  without  a 
tinge  of  red  ; and  if,  instead  of  one  drop  of  acid,  five  or  six  are 
added,  and  mixed  with  the  oil,  the  whole  mass  becomes  of  a dead 
brown-red  colour,  not  very  intense,  remaining  green  only  on  the 
edges. 

‘ By  doubling  or  trebling  the  expressed  oil  of  black  mustard- 
seed,  the  quantity  tested  gives  rise  to  a similar  action,  with  the 
exception  that  the  colour  is  somewhat  less  bright. 

‘ Train-oil  instantly  assumes,  when  stirred,  a lively  brown- 
red  colour,  which  finally  passes  to  dark  brown  and  violet, 
without  a hue  of  green.  If  mixed  with  five  or  six  drops  of  acid, 
the  colour  is  much  more  intense,  and  the  violet  colour  sooner 
appears. 

‘ Seal-oil  assumes  a yellowish-gray  colour.  If,  however, 
thirty  drops  of  oil  are  taken  instead  of  ten,  a colour  slightly 
approaching  to  green-blue  also  appears,  so  that  one  drop  more 
changes  it  into  gray.  On  the  addition  of  five  or  six  drops  of  acid, 
it  receives  a lively  orange-yellow  tint. 

‘The  oils  from  the  olive,  poppy,  and  sweet  almonds,  all 
. 17 
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assume  a yellow  colour  more  or  less  dingy  or  gray ; and  by 
the  addition  of  more  acid  the  action  is  rendered  far  more 
violent. 

‘ If  linseecl-oil  is  stirred  with  the  rod,  as  before  mentioned,  a 
brownish-black  lump  forms,  and  by  adding  five  or  six  drops  of 
acid  the  whole  forms  a resinous,  black,  and  persistent  mass.  It 
is  true  that  all  other  oils  likewise  become  plastic  by  the  addition 
of  greater  or  smaller  quantities  of  acid ; none,  however,  to  a 
similar  degree,  and  with  a colour  so  black,  as  linseed-oil.  The 
oil  obtained  from  tallow  assumes  a dark,  dirty  brown  colour, 
which  does  not  vary  in  tint  by  the  addition  of  more  acid. 

‘ In  trade  it  seldom  occurs  that  a better  oil  is  mixed  with  an 
inferior  one.  Oil  of  almonds,  olives,  and  codfish-oil,  will 
therefore  never  be  used  for  adulterating  rape-oil,  but  probably 
train,  or  perhaps  linseed-oil,  and  sometimes  poppy-oil.  If  we 
are  led,  therefore,  by  the  odour,  to  infer  an  adulteration — for 
instance,  by  train-oil,  which  occurs  the  most  frequently — it  is 
only  necessary  to  place  from  ten  to  fifteen  drops  of  rape-oil,  the 
purity  of  which  is  undoubted,  together  with  as  much  train-oil,  and 
an  equal  quantity  of  the  oil  whose  purity  is  suspected,  and  to  add 
to  each  of  them  a small  drop  of  sulphuric  acid.  From  the  colour 
produced  an  inference  may  be  drawn  as  to  the  purity  of  the  oil, 
and  by  the  difference  of  tinges  from  the  vivid  red  of  the  train-oil, 
and  the  bluish-green  of  rape-oil,  the  extent  of  adulteration  may  be 
ascertained. 

‘ In  undertaking  an  experiment,  the  commencement  of  the 
reaction  must  be  accurately  observed,  with  the  several  oils  placed 
beside  each  other  ; for  the  colours,  after  a quarter  of  an  hour  has 
elapsed,  are  less  distinct,  and  the  mixture  should,  for  the  purpose 
of  attaining  to  greater  certainty  in  the  first  experiment,  be  left 
undisturbed  ; in  a second  experiment  it  is  stirred  with  the  glass 
rod.  It  is  likewise  necessary  to  avoid  employing  more  than  one 
drop  of  the  acid  to  ten  drops  of  oil,  since  otherwise  the  reaction 
which  ensues  is  too  violent. 

< If  the  presence  of  linseed-oil  be  suspected  in  train-oil,  this 
will  be  discovered,  if  the  mass  is  left  undisturbed,  by  a rather 
intense  brownish-red  colour;  if  disturbed,  by  a brownish-black 

colour. 

‘ The  adulteration  by  poppy-oil  is  seldom  met  with  in  com- 
mercial rape-oil,  because  it  is  commonly  much  dearer  than  the 
latter.  Sometimes,  however,  the  reverse  is  the  case,  and  rape- 
oil  is  found  adulterated  with  poppy-oil.  In  this  case  the  colour 
produced  is  of  a very  slight  bluish-green,  approaching  somewhat 
to  yellow,  but  not  sufficiently  distinct  to  admit  of  an  inference 
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being  drawn,  as  to  the  adulteration,  with  perfect  certainty.  In 
such,  cases  the  specific  gravity  of  both  oils  must  be  received  as  the 
sole  criterion  for  identifying  them. 

1 It  has  been  reported  that  tallow-oil  has  several  times  been 
mixed  at  Paris  with  rapeseed-oil ; beside  the  brownish  colour 
produced  by  sulphuric  acid,  the  tallowy  smell,  the  brown  colour, 
the  acid  reaction,  and  last  although  uot  least,  its  density,  which 
is  less  than  any  other  of  the  fixed  oils,  are  such  decisive  charac- 
teristics, that  we  must  be  blind  indeed  if  we  do  not  instantly 
discover  this  fraud.’ 

Instead  of  10  or  15  drop3  of  oil  M.  Penot  directs  to  employ  20 
drops,  &c. 

‘ M.  Pexot,  in  a report  on  the  preceding  researches  of  M. 
IIeidexreich,  made  in  the  name  of  the  chemical  Comite  cle  la 
Societe  Industrielle  de  Muhlhausm,  makes  the  following  additional 
remarks  to  the  three  means  suggested  by  M.  Heidenbeich,  for 
discovering  the  adulteration  of  oils. 

1 1.  As  regards  the  detection  of  adulteration  by  the  odour  of 
an  oil,  it  must  be  observed  that  the  same  oil — that  is  to  say,  an 
oil  of  the  same  fruit  or  nut — has  not  always  the  same  odour. 
This  is  especially  the  case  with  olive-oil,  the  odour  of  which 
differs  according  to  the  different  places  where  it  has  been  grown. 
The  same  is  the  case  with  other  oils,  if  cold,  drawn,  or  expressed 
under  the  influence  of  heat. 

1 2.  As  regards  the  action  of  sulphuric  acid,  M.  Penot  directs  us 
to  employ  20  drops  of  oil,  which  he  places  on  capsules  of  white 
porcelain.  He  likewise  found  that  every  different  kind  of  oil 
indicated  a different  reaction,  which,  however,  did  not  entirely 
agree  with  the  results  obtained  by  M.  Heidexbeich.  Besides  this, 
jM.  Penot  employed  a saturated  solution  of  chromate  of  potassium 
in  sulphuric  acid,  always  in  the  proportion  of  1 drop  to  20  drops 
of  oil,  which  were  stirred  together.  The  following  Table  shows 
the  difference  of  the  reactions  produced  by  both  reagents  on 
twenty  different  kinds  of  oil.  It  is,  however,  necessary,  in  order 
to  insure  greater  certainty,  that  we  should  first  compare  the  effects 
of  them  on  a pure  oil,  when  any  oil  is  suspected  of  having  been 
adulterated,  since  it  is  difficult  to  remember  precisely  the  colours 
produced  by  reagents,  and  still  more  difficult  to  convey  such  a 
definition  as  will  be  understood  by  every  one. 

*'  By  perusing  this  Table  (M.  Penot  continues)  it  will  be  ob  - 
served that  the  same  oil  does  not,  under  any  circumstances,  yield 
precisely  similar  results  with  the  same  reagent.  This  depends 
on  the  place  of  their  growth,  their  age,  and  the  manner  of  pressing. 
If,  however,  any  oil  be  examined  comparatively  with  a perfectly 
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Action  of  One  Drop  of  the  Reagent  on  Twenty  Drops  of  Oil. 


Oleic  acid 


Oil  oE  sweet 
monels 

AVliale  train-oil 


Hemp-oil  . . . 
Rapeseed-oil . 


Name  of  the  Oil 


al- 


Liver  train-oil  . . 
Linseed-oil  fr< 


Linseed-oil  from 
Paris 

Madia  sativa 


Rapeseed-oil, 
year  old,  pr 
out  after  e: 
ing  the  seed 
gentle  heat 
Rapeseed-oil, 
year  old,  pi 
out,  at  a s 
what  higher 
perature, 
another  factory 


Nut-oil  

Nut-oil,  one  year 
old 

Nut-oil,  one 
old,  from  an 
factory 
Olive-oil, 

Beaucaire 
Olive-oil 


by  engine 
fermented  ol 
Poppy-oil,  f 
cold  drawn 


a slight  heat 
N'eatsioot-oil  . 

Castor-oil,  native. . 


Sulphuric  Acid  _ 

' Not  Stirred 

Stirred 

Reddish  spots  with 

Reddish-brown I 

reddish  circles 

Greenfinch  - yellow 

Dirty-green  Y 

with  orange  spots 

Reddish  small 

Dees  of  wine I 

lumps  on  a brown 
ground 

Brown  small  lumps 

Greenish-brown  . . 1 

on  a yellow  ground 

Scarcely  percepti- 

Green Y 

ble  spots 

Dark-red  

Dark-red  I 

Dark  reddish- 

Brown  small  lumps  I 

brown 

on  a gray  ground 

Reddish-brown  ,less 

Clotted  brown  on  a 1 

dark-coloured 

green  ground 

Slightly  reddish- 

Olive-green  1 

brown  under- 

neath athin  layer 
(film),  approach- 

ing  to  gray 

Bluisli-green 

1 . 

Bluish-green 

1 

Bluish- green 

. Yellowish- brown. . 

Clotted, dark-brown 

r Yellow  

Dirty-brown,  less 
dark-coloured 

r Orange-yellow 

r 

Dirty-brown 

a Slightly  yellow 

Dirty-brown 

. Orange-yellow 

Brownish-gray 

d Orange-yellow  . . . 

Q 

Brownish-gray 

i’  Yellow  spots 

Brownish  olive-co- 
loured 

r Greenish  spots  . . . 

Slightly  green 

t 

. Yellow  slight  spot 

Dirty-brown 

. Yellow  slight  spots 

Almost  colourless. . 

Solution  of  Bi- 


Reddish-brown 
Yellowish  small  lumps 


small 

brown 


lumps  on  a 
ground 

fellow  small  lur 
green  ground 


ground  coloured  green 
by  the  chrome 


rown  small 
an  almost 
ground 


lumps  on 
colourless 


ground  coloured  green 
by  the  chrome 


on  an 
ground 


olive- coloured 


chrome-green  ground 


rellow  small  lumps 
more  numerous,  on  a 
dirty- green  ground 


Yellow  small  lumps  on  a 
ground  coloured  green 
by  the  chrome 
Small  brown  lumps 
Small  brown  lumps 

Small  brown  lumps 


Olive  brown 

Brown 
Brown  " 


Small  yellow,  lumps  on  a 
white  ground 
Small  yellow  lumps  on  a 
green  ground 

Brown  spots  on  a brown 
ground 
Slightly  green 
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pure  one,  the  proof  of  adulteration  may  be  rendered,  if  not  certain, 
at  least  probable,  by  noting-  the  difference.  Thus  I obtained,  by 
adding  1 part  of  either  whale-,  train-,  or  linseed-oil,  or  oleic-oil,  to 
10  parts  of  rape-seed  oil,  the' following  results  : — 


Name  of  the  Oil 

Sulphuric  Acid 
Not  Stirred  I Stirred 

Solution  of  Bi- 
chromate of  Potassium 

Rapeseed-oil  with 
whale-train 

More  red  ground 
than  with  rape- 
seed-oil 

Brownish-olive  co- 
loured 

Small  reddish  lumps  on 
a gray  ground 

Rapeseed-oil  with 
linseed-oil 

No  perceptible  dif- 
ference from  the 
rapeseed-oil 

Olive-coloured 

Small  and  more  nu- 
merous red  lumps  on 
a very  dark-green 
ground 

Rapeseed-oil  with 
oleic-oil 

No  perceptible  dif- 
ference from  the 
rapeseed-oil 

Greenish  - brown  . . 

Small  brownish  lumps 
on  an  olive-coloured 
ground 

‘ The  adulteration  being  ascertained  a3  far  as  is  possible,  the 
oil  is  then  tested  by  endeavouring  to  discover  the  adulterating 
oil,  either  by  .reagents,  or  by  its  odour  when  gently  heated,  as 
before  described.  This  having  been  found  out,  small  quantities 
of  the  suspected  oil  are  added  to  a perfectly  pure  oil  of  the  kind 
under  examination.  Every  mixture  is  then  tested  by  the  re- 
agents, until  precisely  similar  results  are  obtained  as  those  yielded 
by  the  oil  under  examination.  Thus  the  proportions  of  the  two 
mixed  oils  will  be  discovered  by  approximation. 

1 3.  The  Density  of  Oils. — Every  oil  supposed  to  come  from 
the  same  plant,  or  the  same  animal,  has  its  peculiar  density, 
which,  at  the  same  temperature,  never  can  deviate  more  than 
some  few  thousandths. 

‘ This  density  is,  in  oils  hitherto  examined,  between  0-900 
[tallow-oil]  and  0-96  [castor  oil — Bicinus-oil]  ; water,  at  1 50  C. 
= 59°F.  taken  as  unity.  This  answers,  on  the  centri grade  alco- 
holometer of  Gay-Lussac,  to  the  densities  from  the  66th  degree  to 
the  34th.  For  greater  perspicuity  I have  added  the  Table  ar- 
ranged by  ScnuBLER,  together  with  the  degrees  of  Gay-Lussac’s 
alcoholometer.  We  deemed  it  best  to  add  the  latter,  since  it  is 
very  generally  used,  and  saves  employing  other  instruments.  It 
is  only  necessary  to  procure  a scale,  the  degrees  of  which  are  at 
proper  distances.  Besides  this,  an  oil-balance  could  easily  be 
arranged,  on  the  same  principle,  by  placing,  at  the  temperature  of 
13°  = 590  F.,  the  number  o’gyo  as  the  extreme  point  at  one  end  of 
the  scale,  or  a little  higher  than  the  density  of  castor-oil,  and  for 
the  extreme  density  of  oleic  acid  -900,  and  dividing  the  intervals 
between  these  into  7o°,in  such  a manner  that  each  degree  answers 
to  a thousandth  part  on  the  Table  of  densities. 
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Table  of  the  Specific  Gravity  of  some  Oils. 


Name 

Specific 

Gravity 

Degrees  on 
Gay-Lussac’s 
Alcoholo- 
meter 

Degrees  on 
Fischer’s  Oil- 
balance 

Tallow-oil 

0*9003 

66 

Kapeseed-oil  (Navette)  } 

(Brass,  nap  us  oleifera  Dec.)  j 

0-9128 

6o§ 

f 37  *0  38 
-j  Purified 
( 38  to  39 

Kapeseed-oil  (Colza)  ) 
Brass,  campest.  oleif.)  j 

0-9136 

6oi 

Summer  rapeseed  oil  (levatte)  ) 
(Brass,  pnccoy  Dectfj^  » ( 

°'9I39 

60 

Olive-oil 

0-9176 

58! 

37  to  38 

Beechnut-oil  .... 

0-9225 

S6 

Purified  whale-train  . 

0-9231 

95t 

Poppy-oil 

0-9243 

5Si 

32  to  33 

Dotter-oil  (cameline)  | 
Myagrum  (sativum)  j' 

0-9252 

54* 

31  to  32 

Linseed-oil 

o-9347 

So 

29  to  30 

Castor-oil 

0*9911 

33* 

Oil  of  sweet  almonds  . 

0*932 

Codfish-oil  . 

0’923 

Filberts  (oil  of)  . 

0-916 

*Hempseed-oil  .... 

0-926 

Walnuts  (oil  of) . 

0-923 

Oil  of  madia  sativa  . 

°"935 

» 5*  19  ... 

0-928 

‘ By  examining  this  Table  we  find,  as  regards  the  different 
commercial  oils,  especially  those  commonly  used  for  adulteration, 
an  obvious  difference  of  density  : thus,  for  instance,  the  different 
rapeseed-oils  weigh  at  1 50  between  6o§  and  6 o°  according  to  the 
alcoholometer,  whilst  beechnut-oil  weighs  56°;  fish-train,  5 5|° ; 
poppy-oil,  55I ; dotter-oil  (cameline),  54f°;  and  linseed-oil,  50°. 
In  cases,  therefore,  in  which  rapeseed-oil  indicated  less  than  6o°, 
it  might  be  inferred  with  certainty  that  it  had  been  mixed  with 
another  oil.  The  same  would  be  the  case  with  olive-oil,  if  in- 
dicating more  or  less  than  58J.  It  is  true  that  the  knowledge  of 
the  density  of  an  oil  does  not  precisely  indicate  by  what  oil  the 
adulteration  may  have  been  performed  ■ but,  in  this  case,  we  can 
recur  to  the  odour  which  the  oil  evolved  when  exposed  to  heat, 
and  to  the  comparative  experiments,  previously  mentioned,  with 
sulphuric  acid.  The  oil  which  has  been  employed  for  adulteration 
having  been  ascertained,  the  alcoholometer  shows  with  certainty  to 
what  degree  the  adulteration  extends. 

* This  latter  means  of  examination  has  indeed  already  been 
employed  by  some  in  the  trade ; and  I am  astonished  that  it  is 
not  more  generally  applied,  since  it  is  a sufficiently  good  guide 
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alone,  and,  if  combined  -with  the  two  others,  I doubt  if  any  one 
could  be  deceived.’ 

M.  Pehot  thinks,  however,  that  oils  of  the  same  name,  but  not 
identical,  never  have  the  same  density. 

The  editor  of  the  1 Journal  f.  Prakt.  Chemie  ’ remarks,  that 
he  has  not  found,  in  the  course  of  his  own  experience,  any  dif- 
ference in  the  specific  gravity  in  oils  of  the  same  kind  obtained 
from  different  places  and  grown  in  different  years ; and  that  in 
Saxony  an  areometer  (or  oleometer)  is  generally  used  for  testing 
oils,  constructed  by  the  instrument-maker  Fischer,  of  Leipzig, 
which  indicates  the  specific  gravity  of  oils  in  such  manner,  that 
pure  rapeseed  oil  is  indicated  by  370  to  38°;  and  hemp-oil  by  30° 
to  3 1°,  &c.  This  oil-balance  is  very  correct  and  useful.  Another 
assistance  in  such  examinations  is  the  capillarimeter,  an  instru- 
ment for  indicating  the  quantity  of  each  oil  which  falls  from  a 
certain  sized  point  under  given  circumstances.’ 

When  oil  of  almoncls  is  mixed  with  oil  of  poppies,  the  taste  is 
sometimes  sufficient  to  detect  the  presence  of  the  latter  oil ; and 
if  such  an  oil  be  agitated  in  a phial,  it  produces  bubbles  of  air, 
which  stick  to  the  sides  of  the  phial,  which  is  never  the  case  with, 
pure  oil  of  sweet  almonds. 

Oil,  or  bnttter  of  cocoa,  is  always  solid  at  the  ordinary  tem- 
perature, of  a yellowish-white  colour ; its  fracture  is  clean,  and  it 
has  a soft,  agreeable  flavour,  and  a peculiar  odour.  It  fuses  at 
770  Fahr. 

When  butter  of  cocoa  has  been  well  prepared,  it  may  be  kept 
for  two  or  three  years  without  becoming  rancid  ; but  that  which 
is  met  in  trade  being  often  adulterated  with  tallow,  or  veal  or 
mutton  suet,  very  soon  turns  bad;  but  this  fraud  is  generally  per- 
ceptible, because,  in  that  case,  the  flavour  of  the  spurious  article 
is  not  agreeable,  like  that  of  the  genuine  oil,  and  it  leaves  after- 
wards in  the  mouth  a taste  of  tallow,  which  cannot  be  mistaken  ; 
the  odour  of  tallow  is  easily  recognised  by  heating  it  as  directed 
by  M.  Heidenreich. 

But  of  all  these  oils,  the  dearest  (except  oil  of  almonds),  and 
consequently  that  which  is  most  subject  to  adulteration,  is  olive- 
oil ; and  the  oils  with  which  it  is  most  generally  mixed  are  those 
of  nuts  and  of  poppies.  The  latter,  more  especially,  is  employed 
for  the  purpose,  because  it  may  be  mixed  in  considerable  propor- 
tion with  olive-oil  without  materially  altering  the  taste  of  the 
latter,  whilst  its  price  is  only  half  that  of  olive-oil. 

As  with  oil  of  almonds,  when  pure  olive-oil  is  shaken  in  a 
flask  or  phial,  its  surface  remains  even,  but  if  mixed  with  oil  of 
poppies,  it  becomes  covered  with  small  air-bubbles. 
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When  pure  olive-oil  is  immersed  in  pounded  ice,  it  becomes 
completely  solidified,  but  if  it  is  adulterated  with  oil  of  pop- 
pies, it  solidifies  only  in  part ; and  if  the  latter  oil  forms  more 
than  one-third  of  the  hulk,  the  oil  does  not  become  solid  at  all. 

M.  Poutet  recommends  the  following  method  for  the  detec- 
tion of  oil  of  poppies  in  olive  oil,  namely : dissolve  six  parts  of 
mercury  in  seven  and  a half  parts  of  nitric  acid  of  sp.  gr. 
1 *35 ; heat  need  not  be  applied ; mix  two  parts  of  this  solution 
with  96  parts  of  the  oil  under  examination,  and  shake  the 
mixture  every  half  hour,  or  oftener.  If  the  oil  is  pure,  the  mix- 
ture, after  seven  hours  in  summer,  or  three  or  four  hours  in  winter, 
will  have  congealed  into  a thick  magma,  and  in  twenty-four 
hours  it  will  have  so  far  solidified  that  some  little  force  must  be 
employed  to  sink  a glass  rod  through  it.  The  other  edible  oils  do 
not  combine  with  nitrate  of  mercury,  and  if  the  olive  oil  contains 
some  other  oil,  it  thickens,  but  never  becomes  solid..  If  the 
quantity  of  foreign  oil  forms  more  than  one-eighth  of  the  bulk,  it 
separates  from  the  thickened  mass  into  a distinct  layer.  The  com- 
pactness of  the  mass,  therefore,  is  proportionate  to  the  quantity 
of  the  foreign  oil.  If  the  olive-oil  contains  its  own  bulk  of  another 
oil,  one-half  of  the  mixture  is  solid,  and  the  other  half  is  liquid. 
A temperature  of  about  90°  Fahr.  is  the  best  for  the  experiment, 
for  the  oil  and  coagulum  separate  then  perfectly  from  each  other. 
If  the  oil  has  been  adulterated  with  animal  fat,  the  mixture  will 
coagulate  in  five  hours ; in  this  case  the  coagulation  consists  of 
the  animal  fat,  whilst  the  olive-oil  floats  on  the  surface,  and  may 
be  decanted.  If  the  coagulum  or  solidified  portion  be  then  heated, 
it  exhales  the  odour  of  melted  tallow. 

M.  Boudet  has  shown  that,  in  M.  Potjtet’s  method  above 
related,  it  is  not  the  nitrate  of  mercury,  but  the  hypo-nitrous  acid 
contained  in  the  test-liquor  which  solidifies  the  olive-oil ; and  he 
found  that  one  half-grain  of  liyponitrous  acid,  mixed  with  three 
times  its  own  weight  of  nitric  acid,  was  capable  of  solidifying  100 
grains  of  olive-oil  in  about  78  minutes. 

The  fixed  oils  which  may  be  solidified,  when  treated  in  the 
above  manner,  are  those  of  sweet  almonds,  of  filberts,  and  of 
colza;  but  the  drying  oils,  except  castor-oil,  are  not  solidified  by 
that  treatment.  Each  of  these  oils  requires  different  lengths  of 
time  to  become  solid,  as  shown  in  the  following  Table,  in  which 
100  parts  of  the  oils  mentioned  were  treated  by  a mixture  of  nine 
parts  of  nitric  and  one  of  hyponitrous  acid  : — 
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Oils 

Colours  developed  by  the  ad- 
dition of  the  mixture 

Number  of 
minutes 
necessary 
to  solidify 
oils 

Pro- 

portions 

Olive-oil 

Greenish-blue . 

73 

IO'O 

Oil  of  sweet  almonds  . 

Dingy-white  . 

160 

22*2 

„ filberts 

Greenish-blue 

103 

14*0 

„ acajou 

Lemon-yellow 

40 

6'o 

„ Kicini  (castor-oil) 

Golden-yellow 

603 

82-6 

„ Colza . 

Yellowish-brown  . 

2400 

328-0 

The  presence  of  the  oil  of  poppies  may  he  easily  recognised  by 
its  retarding  effect ; 1 per  cent,  of  oil  of  poppies  retards  the 
solidifying  at  least  40  minutes. 

Olive-oil  is  sometimes  adulterated  with  honey ; this  sophisti- 
cation may  be  recognised  by  treating  the  oil  with  hot  water, 
which  dissolves  the  honey ; after  shaking  the  mixture  well  it 
should  be  left  at  rest ; the  oil  then  separates  from  the  water 
which  has  dissolved  the  honey.  The  oil  may  then  be  decanted, 
mid  by  evaporation  the  honey  is  left  behind. 

The  presence  oi  fish-oil  is  readily  detected  in  vegetable  oils,  by 
passing  chlorine  through  them ; in  which  case  the  mixture  turns 
black. 

Besides  the  tests  above  described,  an  instrument  called  the  elaio- 
meter  was  contrived  by  M.  Gobby,  by  which  the  purity  of  olive- 
oil  may  be  estimated.  The  elaiometer  is  constructed  on  the  prin- 
ciple of  the  hydrometer,  but  as  the  differences  of  density  are 
inconsiderable,  the  bulb  of  the  instrument  is  very  large,  and  the 
tube  or  stem  is  very  narrow.  The  instrument  at  54-5°  Fahr. 
marks  o°  in  poppy-seed  oil,  and  50°  in  pure  olive-oil.  The  modus 
operandi  is  as  follows : — The  oil  to  be  tested  is  hrst  brought  to  a 
temperature  of  54*5°  Fahr.,  which  is  readily  accomplished  by 
plunging  the  glass  cylinder  containing  it  into  cold  water,  or  else 
the  result  of  the  operation  may  be  corrected,  if  the  temperature 
be  above  54- 50  Fahr.,  by  deducting  2 from  the  degree  indicated  by 
the  elaiometer  for  each  degree  of  temperature,  and  if  the  temper- 
mature  be  lower  than  54-5°,  by  adding  2 for  every  degree  below 
54‘5°  Fahr. 

For  example,  let  us  suppose  that  the  temperature  at  the  time 
of  the  experiment  is  6o°  Fahr.,  and  the  elaiometer  indicates  6i°, 

Then  6o-o°  Temperature  at  the  time  of  the  experiment. 

54-5  Normal  temperature. 

5-5°  Difference. 
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Density  indicated  by  the  elaiometer  . . . 6ro° 

The  difference  5’5  x 2 = iro 

Real  density  . . . 50-0 

The  oil  therefore  is  pure. 

Or,  let  us  suppose  that  the  temperature  observed  at  the  time 
of  the  experiment  is  520,  and  that  the  elaiometer  indicates  45 ’0°. 
54-5°  Normal  temperature. 

52-0  Temperature  at  the  time  of  the  experiment. 

2-5  Difference. 

Density  indicated  by  the  elaiometer  . . . 45 '°° 

The  difference  2’5  x 2 = .....  5^ 

Real  density . . .50-0 

The  real  density  being  50,  the  oil  is  called  pure. 

General  Table  of 


Oils 

Caustic 

Soda, 

Sp.Gr.  1 "340 

Sulphuric 

Acid, 

Sp.Gr.  1-475 

Sulphuric 

Acid, 

Sp.Gr.  1-530 

Sulphuric 

Acid, 

Sp.Gr.  1-635 

Olive  . . 

Slight  yel- 

Green  tinge 

Greenish- 

Light-green 

Gallipoli 

India 

low 

Ditto ' 

white 

Gray 

Brown  

Thick  and 

Dirty-white 

Light- 

11 UG 

Pale 

white 

Dirty  yel- 

Pink 

brown 
Brown 

rape- 

seed 

Poppy.. 

lowish- 

white 

Ditto 



Dirty-white 

— 

French 

nut 

Brownish . . 

Gray 

Brown 

Sesame 

Ditto 

Green  tinge 

Greenish 

— 

Castor. . 

White  .... 

dirty- 

white 

Dirty-white 

Hemp- 

Thick 

Intense 

Intense 

Intense 

seed 

brownish- 

green 

green 

green 

Linseed 

yellow 
Fluid  yel- 

Green  .... 

Dirty-green 

Green  

Lard  . . 

low 

Pinkish- 

Dirty-white 

Dirty-white 

Light- 

Neats- 

white 

Dirty  yel- 
lowish- 

Yellow 

Brownish 

brown 
Brown  .... 

foot 

tinge 

dirty- 

Sperm . . 

white 

Dark-red  . . 

Light-red  . . 

white 

Red  

Intense 

Seal 

Ditto 

brown 
Ditto 

Cod- 

liver 

Ditto 

— 

Purple 

Purple  . . . . 

Ditto 

Nitric 

Acid. 


Nitric 
Acid, 
Sp.Gr.  1 -22o 


Yellow  . . . 


low 


Greenish 

Ditto 


Yellowish- 

red 

Red  


Ditto  . . 


Dirty-green  Greenish 
dirty- 


Yellow  .. 


Light- 

yellow 

Slight  yel- 
low 

Pink 


brown 
Yellow  .. 


Light- 

yellow 


Ditto .... • 
Light- red . 
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The  degrees  of  the  elaiometer  are  as  follows : — 


Pure  olive  oil 

, • 

• • 

• • 

5° 

degr 

Olive  oil  mixed  with  4 per  cent,  of  oil 

of  poppies 

48 

V 

77 

77 

10 

77 

77 

45 

V 

77 

H 

77 

77 

43 

}) 

77 

77 

20 

77 

77 

40 

77 

77 

77 

30 

77 

77 

35 

77 

7) 

77 

40 

77 

77 

3° 

77 

The  admixture  of  Jish-oil  with  animal  or  vegetal  oils  may  be 
readily  detected  by  the  brown  or  black  hue  produced  by  the  action 
of  a stream  of  chlorine,  and  also,  according  to  Calvert,  by  the 
reddish  coloration  developed  by  boiling  a mixture  of  the  oil 
with  solution  of  caustic  soda. 


Reactions. — (Calvert.) 


Nitric  1 Caustic  • 

Acid,  ' Soda, 

Sp.  Gr.  x'330  Sp.  Gr.  i'34o 

Phosphoric 

Acid, 

Syrupy 

Sulphuric 
Acid  + 
Nitric  Acid 

Aqua  

Regia 

, Caustic  Soda, 
Sp.  Gr.  1 -340 

Greenish  . . 

Fluid  white 

Slight  green 

Orange-yel- 



Fluid  white  mass 

mass 

low 

Ditto 

Ditto 

Dark-brown 

Fibrous  yellowish- 

white 

white  mass 

mass 

— 

Ditto 

— 

Orange- 

— 

Fibrous  white  mass 

white 

— 

Fluid  white 

— 

Dark- brown 

— 

Fibrous  yellowish- 

mass 

white  mass 

Red  

Light-red 



Slight  yel- 



Fluid  intense  rose- 

fluid  mass 

low 

coloured  mass 

Dark-red  . . 

Fibrous  red 

Brown- 

Dark-  brown 

Yellow  .... 

Fibrous  orange  mass 

mass 

yellow 

Ditto 

! luid  red 



Green,  be- 

Ditto  ...... 

Fluid  orange  mass, 

mass, 

coming 

with  brown  liquor 

with 

intense 

beneath 

brown 

red 

liquor  be- 

neatli 

' — 

Fibrous 

' 

Brownish- 

— 

Fibrous  pale  rose- 

white 

red 

coloured  mass 

mass 

Greenish 

Fibrous 

Green  

Green,  be- 

Green  .... 

Fibrous  light-brown 

dirty- 

light- 

coming 

mass 

brown 

brown 

black 

mass 

Green,  be- 

Fluid  yel- 

Brown  yel- 

Ditto 

Greenish- 

Fluid  orange  mass 

coming 

low  mass 

low-green 

yellow 

brown 

Very  slight 

Fluid  mass 

— 

Brown  .... 

— 

Fluid  pink  mass 

yellow 

Light- 

Fibrous 

— 

Dark-brown 

Slight  yel- 

Fibrous  brownish- 

brown 

white 

low 

yellow  mass 

mass 

• 

Red  

Fluid  mass 

Dark-red  . . 

Ditto 

Ditto 

mass 

Ditto 

Ditto 

Ditto 

Ditto  

Ditto  

Ditto 

Ditto 

Ditto 

Ditto 

Yellow  .... 

Ditto 

1 
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For  the  detection  of  a mixture  of  a siccative  with  a uon-drying 
oil  several  methods  may  be  applied — that  e.g.,  of  Potttet,  which 
consists  in  the  application  of  protonitrate  of  mercury,  by  which 
the  non-clrying  oils  yield  elaidin,  or  that  of  Boudet,  which  depends 
upon  the  same  reaction,  to  produce  which,  however,  nitrous  add 
is  substituted  for  the  mercury  salt:  or  that  of  Maenexe,  who 
showed  that  the  non-drying  oils  give  rise  to  a much  higher 
temperature  when  mixed  with  strong  sulphuric  acid,  than  is  the 
case  with  those  belonging  to  the  class  of  siccatives. 

The  preceding  Table  constructed  by  Calvert  indicates  the 
reactions  afforded  by  a systematic  method  for  testing  the  purity 
of  oils  by  the  employment  of  caustic  alkali,  and  of  various  acids 
at  different  degrees  of  dilutions  as  well  as  mixtures  of  acids,  and 
■of  acids  and  alkalies  successively  applied. 

Essential  Oils. — The  essential  oils  of  commerce  are  often  adul- 
terated with  fixed  or  fat  oils,  spermaceti,  rosin,  tallow,  balsam  of 
copaiba,  and  essential  oils  of  less  value  than  the  genuine  oil. 

The  methods  of  detecting  these  fraudulent  additions  consist  in 
pouring  a drop  of  the  essential  oil  upon  a piece  of  paper,  and 
evaporating  it  by  heat.  If  the  essential  oil  is  pure,  it  will  com- 
pletely evaporate,  and  leave  no  stain  on  the  paper ; but  if  adul- 
terated with  either  a fixed  or  fat  oil,  tallow,  spermaceti,  rosin,  or 
balsam,  a greasy  stain  will  be  left  on  the  paper,  which  will  then 
appear  transparent  at  that  part. 

Alcohol  is  detected  by  putting  a few  pieces  of  fused  chloride  of 
calcium  into  a flask  with  the  essential  oil  under  examination,  and 
shaking  the  whole  well.  If  the  essential  oil  be  pure,  the  pieces  of 
fused  chloride  of  calcium  will  remain  unaltered  ; but  if  alcohol 
is  present,  they  will  dissolve  and  form  a heavy  liquid,  over  which 
the  pure  essence  will  float  in  a distinct  stratum.  The  proportion 
of  alcohol,  however,  may  be  too  small  to  dissolve  entirely  the 
pieces  of  chloride  of  calcium,  but  if  alcohol  be  present  they  will 
always  show  that  they  have  been  acted  upon,  their  edges  will 
be  more  or  less  rounded,  which  ’would  not  be  the  case  if  the 
essence  was  pure. 

The  presence  of  alcohol  mixed  with  an  essential  oil  is  almost 
readily  detected,  because  the  addition  of  water  immediately  pro- 
duces a milkiness. 

According  to  M.  Biral,  the  presence  of  alcohol  in  essential 
oils  may  also  be  detected  by  means  of  potassium,  as  follows: 
Pour  twelve  drops  of  the  oil  in  a watch-glass  perfectly  dry,  and 
udd  a piece  of  potassium  about  the  size  of  pin’s  head.  It  the 
piece  of  potassium  remains  in  the  middle  of  the  oil  for  twelve  or 
fifteen  minutes,  it  is  a sign  that  the  oil  does  not  contain  alcohol ; 
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but  if,  on  the  contrary,  the  potassium  disappears  in  the  course  of 
five  minutes,  it  is  a sign  that  the  oil  contains  more  than  4 per 
cent,  of  alcohol,  and  if  it  disappears  in  less  than  one  minute  the 
oil  contains  25  per  cent,  of  alcohol,  or  more. 

The  addition  of  alcohol  to  essential  oils  is  a most  usual  adul- 
teration. 

As  to  the  addition  of  cheaper  essential  oils  to  the  genuine 
article,  the  fraud  is  best  detected  as  follows  : — 

Pour  a few  drops  of  the  essential  oil  under  examination  upon  a 
piece  of  blotting-paper,  and  allow  it  to  evaporate  spontaneously. 
The  difference  of  the  smell  towards  the  end  will  often  enable  the 
operator  to  detect  the  sophistication.  Essence  of  turpentine  is 
generally  employed  for  the  purpose.  In  that  case  it  may  be 
separated  by  adding  alcohol  of  specific  gravity  0-84  (54-8  per  cent, 
over  proof),  to  the  essential  oil.  The  turpentine  will  be  left  in 
an  insoluble  state. 

The  specific  gravity  affords  also  another  means  of  ascertaining 
the  purity  of  essential  oils.  We  therefore  give  here  the  specific 
gravity  of  the  principal  essential  oils. 


Essential  Oil  of  Amber 

o-868 

77 

77 

Aneth 

o-88 1 

7> 

7? 

Aniseed  . 

0-9857 

7’ 

77 

Bergamot 

o-888 

77 

77 

Cajeput  . 

0-9274 

?7 

77 

Carraway 

0-940 

77 

77 

Cassia 

0-832 

77 

77 

Cinnamon 

0-975  to  1-043 

77 

77 

Cloves  . 

1-036 

77 

77 

Cumin 

0-975 

77 

7? 

Fennel  . 

0-029  f°  0-997 

77 

77 

Fusel  (or  of  grain)  . 

0-833 

77 

77 

Juniper  . 

0-911 

7? 

Lavender 

0-898 

77 

77 

Do.  rectified 

0-877 

77 

77 

Lemon  . 

0-847 

77 

77 

Mint 

0-898 

77 

77 

Nutmeg  . 

0-948 

77 

77 

Otto  of  roses  . 

0-832 

77 

77 

[Rosemary 

0-91 1 

V 

77 

Sassafras 

1-094 

>7 

77 

Turpentine 

0-870 

77 

77  % 

Wormwood  . 

0-907 

When  the  specific  gravity  of  an  essential  oil  is  sufficiently 
different  from  that  with  which  ibis  mixed,  they  maybe  separated 
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from  each  other  by  agitating  them  for  a long  time  -with  water, 
and  leaving  the  whole  at  rest.  The  two  oils  will  then  separate  in 
the  order  of  their  respective  density. 

The  oil  of  spic  lavender  met  with  in  commerce  is  seldom  pure, 
and  is  generally  a mixture  of  three  parts  of  essence  of  turpentine 
with  one  of  genuine  oil  of  lavender.  This  fraud  may  best  be 
detected  by  pouring  a few  drops  of  the  suspected  oil  on  a piece  of 
paper  and  evaporating  it ; or  else  by  pouring  a drop  of  it  on  the 
back  of  the  hand  and  rubbing  it  with  the  finger  ; when  evaporated 
the  persisting  smell  of  turpentine  will  be  recognised. 

The  oil  of  neroli  is  generally  adulterated  with  alcohol,  or  with 
oil  of  petit  grain. 

The  presence  of  alcohol  may  be  detected  in  the  manner  above 
related,  but  that  of  oil  of  petit  grain  is  more  difficultly  recognised, 
and  the  suspected  article  had  better  be  compared,  by  evaporation 
of  a drop  on  the  back  of  the  hand,  with  the  genuine  oil. 

Otto  of  roses  is  often  adulterated  with  oil  of  Rhodes,  which  oil 
has  an  odour  of  roses,  but  otto  of  roses  which  has  been  mixed 
with  that  oil  loses  its  butyrous  consistence. 

The  ‘ Chemical  Times’  for  August  25,  1849,  published  the 
following  remarks  by  Mr.  Guibottet  on  the  ‘ means  of  determining 
the  purity  of  the  otto  of  roses.’ 

‘The  high  price  of  this  article  renders  it  a matter  of  great 
importance  to  be  enabled  to  decide  upon  its  purity.  The  following 
means,  if  used  in  combination,  will  leave  no  doubt  upon  this 
point : — 

‘The  physical  characters  can  be  but  little  depended  upon; 
thus,  the  yellow  colour  with  a tinge  of  green,  and  its  point  of 
congelation,  may  be  readily  imitated.  Its  odour  also  is  so 
powerful  that  a certain  quantity  of  any  other  oil  of  a somewhat 
similar  odour  might  be  added  without  sensibly  diminishing  that 
of  the  otto.  The  manner  in  which  it  crystallizes  is  of  a certain 
amount  of  importance.  When,  after  having  been  liquefied  by  a 
gentle  heat,  it  is  allowed  to  cool  slowly  and  at  rest,  it  remains  as 
it  were  transparent,  in  consequence  of  the  thinness  and  the  perfect 
transparence  of  its  long  and  pointed  crystals,  which  resemble  the 
blades  of  daggers  ; and,  on  varying  their  position  as  regards  the 
light,  these  lamina?  reflect  all  the  prismatic  colours.  When  the 
otto  of  roses  has  been  adulterated  with  any  uncrystallizable  oil, 
which  requires  that  its  property  of  congealing  should  be  imparted 
by  the  addition  of  spermaceti,  it  presents,  when  solidified,  a 
number  of  fine  needles,  which,  however,  are  not  transparent,  but 
render  the  mass  uniformly  semi-opaque.  But  for  this  test  to  be 
of  any  value,  the  otto  must  be  allowed  to  crystallize  slowly  and 
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remain  at  rest ; otherwise  it  becomes  nebulous  and  opaque,  like 
that  which  has  been  adulterated. 

‘ Tlle  oil  most  frequently  used  for  its  adulteration  is  that  of 
several  species  of  pelargonium.  The  oils  derived  from  the 
different  species  cannot  be  all  identical,  since  M.  Recluz  has 
described  one  which  is  solid,  whilst  that  which  is  met  with  in 
commerce  is  always  liquid.  The  oil  which  I employed  for  com- 
parison is  called  oil  of  geranium,  and  came  from  Nice.  I also 
examined  some  oil  of  rosewood,  which  was  distilled  at  Paris  some 
years  ago,  and  some  of  that  found  in  commerce.  Three  reagents 
■will  serve  to  distinguish  the  pure  otto— iodine,  nitrous  acid  vapour 
and  sulphuric  acid.  7 

Test  with  Iodine.  A small  quantity  of  iodine  is  placed  in  a 
small  glass  vessel  with  a wide  mouth  5 around  it  watch-glasses 
are  arranged,  each  containing  one  or  two  drops  of  the  oiAmder 
examination,  and  the  whole  is  covered  with  a glass  bell.  At  the 
end  of  a few  hours  the  vapour  of  the  iodine  is  found  to  have  con- 
densed upon  every  part  of  the  interior  of  the  glass  bell,  and  upon 
the  glasses  containing  the  oils  ; but  the  margin  of  the  watch-glasses 
containing  the  substituted  oil  is  much  more  coloured  than  that  of 
the  glass  containing  the  otto  ; and,  when  the  former  oils  become 
brown,  the  latter  retains  its  natural  colour.  After  some  hours  the 
vessel  containing  the  iodine  may  be  removed ; and  then,  the  effect 
still  continuing,  the  otto  remains  white,  whilst  the  other  oils 
become  perfectly  black.  On  exposing  the  watch-glasses  to  the  air 
the  iodine  which  has  condensed  upon  the  margin  of  those  con- 
taining the  otto  is  volatilized,  and  the  glass  becomes  almost 
colourless,  whilst  the  others  retain  their  black  colour  I am 
satisfied  that  this  test  will  serve,  not  only  to  determine  the  nature 
of  the  otto  of  roses,  but  also  whether  any  oil  of  geranium  or  rose- 
wood is  present  in  it  or  not. 

‘ fr  itrous  And  Test. —I ox  this  I use  a small  glass  vessel,  placed 
upon  a plate.  10  or  1 5 grammes  ofconcentrated  nitric  acid  are  placed 
in  it,  and  some  copper-turnings  added.  Around  this  watch-glasses 
are  placed,  containing^,  or  at  the  most  two  drops  of  the  oils,  and 
the  whole  is  covered  with  a flat  glass  bell.  In  a few  minutes  the 
oil  of  rosewood  acquires  a dark  yellow  colour  • the  otto  has 
nearly  the  same  colour;  whilst  the  oil  of  geranium  becomes  of  an 
apple-green  colour,  and  retains  the  same  for  some  time. 

‘This  test  will  serve  to  distinguish  the  two  oils  when  in  a 
state  oi  purity,  and  may  even  serve  to  recognise  oil  of  geranium 
containing  the  otto,  because  of  the  yellow  colour  which  it  imparts 
o the  latter;  but  it  is  evident  that  it  cannot  serve  to  determine 
the  presence  of  the  oil  of  geranium  in  the  otto  of  roses. 
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‘ Sulphuric  Acid  Test. — One  or  two  drop3  of  the  oil  to  be  tested 
are  put  into  a watch-glass ; the  same  number  of  drops  of  very 
concentrated  sulphuric  acid  are  added,  and  the  two  fluids  mixed 
with  a glass  rod.  All  the  oils  are  rendered  more  or  less  brown 
by  this  proceeding ; but — 

‘ The  otto  of  roses  retains  the  purity  of  its  odour. 

‘The  oil  of  geranium  acquires  a strong  and  disagreeable 
odour,  which  is  perfectly  characteristic. 

‘ The  odour  of  the  oil  of  rosewood  is  increased,  and  becomes 
somewhat  unctuous.  It  is  not,  however,  characteristic. 

‘The  commercial  oil  of  rosewood  acquires  an  odour  distinctly 
like  that  of  cubebs. 

‘ Of  these  three  methods,  that  with  sulphuric  acid  is  by  far 
the  best  for  distinguishing  the  otto  of  roses  from  the  oil  of 
geranium,  and  for  the  recognition  of  the  second  in  the  former. 
The  iodine  test  is  also  very  certain,  but  it  requires  considerably 
more  time.  The  nitrous  acid  test  will  serve  to  recognise  the  two 
oils  when  not  mixed,  or  even  to  detect  the  otto  of  roses  in  the  oil 
of  geranium,  but  not  the  latter  when  mixed  with  the  former.’ — 
‘Journ.  de  Pharm.’ 

OXX.  OF  VXTREOX..  See  SuLPHUKIC  ACID. 

opium. — In  the  European  market  three  sorts  of  opium  are 
distinguished,  viz.  Smyrna  opium,  opium  of  Constantinople, 
opium  of  Egypt  or  Alexandria. 

Smyrna  Opium. — This  sort  comes  into  the  market  in  soft 
lumps,  of  greater  or  less  bulk;  the  surface  of  these  lumps  is 
covered  with  numerous  rumex  seeds.  They  are  light-coloured 
inside,  but  upon  exposing  the  broken  or  cut  surfaces  to  the  air 
they  acquire  a dark  colour.  The  smell  of  Smyrna  opium  is  strong, 
and  indicative  of  the  venomous  properties  of  the  substance.  The 
taste  is  bitter  and  acrid.  This  is  the  best  sort  of  opium  ; it  con- 
tains 6'9  per  cent,  of  morphia. 

Opium  of  Constantinople. — This  sort  is  brought  into  the 
market  in  regular  flat  loaves  or  cakes,  covered  with  a poppy-leaf. 
It  is  drier  than  the  Smyrna  opium,  and  frequently  even  brittle.  It 
gets  soft  in  the  hand,  and  furnishes  a light-coloured  paste,  which 
turns  brown  in  the  air.  It  smells  like  the  Smyrna  variety,  but  its 
odour  is  somewhat  less  marked  than  that  of  the  latter.  It  con- 
tains 5 to  6 per  cent,  of  morphia. 

Opium  of  Egypt  or  Alexandria. — This  is  the  worst  species 
of  opium.  It  comes  into  the  market  in  small,  very  dry,  and  very 
flat  loaves,  exceedingly  clean  at  the  surface,  and  retaining  hardly 
a trace  of  the  leaves  in  which  they  were  originally  enveloped.  Its 
colour  is  dark-brown ; its  fracture  is  clean  and  shining.  It  has 
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a very  feeble  smell,  and  contains  only  3 to  4 per  cent,  of 
morphia. 

To  these  three  principal  species  we  might  add  the  India  opium, 
which,  according  to  Dr.  Thomson-,  contains  three  times  less  mor- 
phia than  the  Smyrna  variety. 

The  following  constituents,  with  the  exception  of  opianine,  have 
been  ascertained  to  exist  in  most  kinds  of  opium  (Miller)  : 


Meconic  acid  . 

1.  Morphia 

2.  Codeia  . 

3.  Thebaia 

4.  Popaverine 
j?  5.  Opianine 

| 6.  Narcotina 

'-j.  Narceia. 
Meconine. 
Resinous  matter. 
Caoutchouc. 
Essential  oil  . 
Mucilage  or  gum. 


© 

a 


from  6 to  8 per  cent, 
from  6 to  12  „ 

less  than  1 „ 

v » 

(from  Egyptian  opium), 
from  6 to  8 per  cent. 


4 or  5 per  cent. 


But  opium  is  most  extensively  adulterated,  perfectly  genuine 
samples  being,  in  fact,  very  rare.  The  drug  of  commerce  contains 
water,  and  often  clay,  sand,  gravel,  sulphate  of  calcium,  dung  of  sheep 
and  oxen,  extracts  of  liquorice,  of  belladonna,  of  hemlock,  celandin 
and  lettuce,  of  glaticiutn  luteum,  bruised  grapes,  freed  from  their 
stones,  poppy-stalks  and  husks  (previously  beaten  up  with  white  of 
egg)-;  sometimes  also  the  grounds  of  opium,  from  which  the  mor- 
phia has  been  extracted,  are  sold  as  the  entire  drug. 

The  amount  of  water  in  opium  may  be  ascertained  by  drying  a 
weighed  portion  in  the  water-oven  at  2 1 20  and  noting  the  loss. 
Mineral  adulterations  may  be  detected  by  incinerating  a known 
weight  of  the  drug  and  weighing  and  examining  the  residue. 
But,  as  a rule,  the  best  method  of  testing  opium  is  to  determine 
the  quantity  of  morphia  which  it  contains.  For  this  there  are 
several  processes. 

1.  Robiquet's  Method. — Make  an  aqueous  extract  of  the  opium  in 
the  following  manner: — Cut  the  opium  in  slices,  and  let  them  mace- 
rate for  12  hours  in  six  times  their  weight  of  water,  so  that  they 
may  become  soft;  triturate  the  whole  well,  and  let  it  stand  at  rest 
for  12  hours  more  ; filter  through  linen,  squeeze  the  residue  on  the 
filter,  remove  it  from  the  filter,  and  subject  it  to  the  same  treat- 
ment again  with  a fresh  quantity  of  water.  The  liquor  strained 
in  the  first  and  second  operation  should  then  bo  mixed  together, 
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and  evaporated  to  the  consistence  of  an  extract.  Itedissolve  this 
extract  in  water,  and  concentrate  the  solution.  To  this  concen- 
trated solution  add  a small  quantity  of  magnesia  (10  grains  of 
magnesia  per  lb.  of  opium  are  sufficient),  and  boil  the  whole  for 
about  one  quarter  of  an  hour.  This  produces  a rather  consider- 
able deposit  of  a greyish  colour,  which  consists  of  free  magnesia, 
of  basic  meconate  of  magnesium,  of  morphine,  of  narcotine,  and  of 
colouring  matter.  Filter  and  wash  the  precipitate  with  cold 
water,  and  macerate  it  in  weak  alcohol,  but  without  boiling,  for 
morphine  is  soluble  in  hot  alcohol.  This  removes  a great  propor- 
tion of  the  colouring  matter,  and  the  narcotic  acid,  with  a very 
small  quantity  of  morphine.  The  liquor  is  filtered  again,  and  the 
deposit  is  washed  with  a little  cold  alcohol,  squeezed,  dried,  and 
finally  boiled  several  times  with  fresh  portions  of  pure  or  anhydrous 
■alcohol,  until  this  menstruum  no  longer  dissolves  anything ; the 
liquors  are  evaporated,  and  cooling,  the  morphine  is  deposited  in 
almost  colourless  crystals.  By  recrystallizing  it,  it  may  be  ob- 
tained quite  white.  The  morphine  obtained  by  this  process,  how- 
ever, is  very  far  from  being  pure  ; it  retains  a considerable  propor- 
tion of  narcotine. 

2.  Thiboumery's  Process. — Prepare  an  extract  of  opium,  as 
above  described,  and  dissolve  it  in  water ; add  a large  excess  of 
ammonia  to  the  boiling  solution,  and  when  cold,  filter  it;  the  pre- 
cipitate collected  on  the  filter  should  now  be  thoroughly  washed 
thereon  with  cold  water,  and  then  dried.  The  dry  precipitate 
must  next  be  boiled  with  alcohol,  sp.  gr.  CV84  ; acetic  acid  is  then 
added  gradually,  drop  by  drop,  to  the  liquor,  until  it  begins  to 
turn  red ; it  is  filtered,  and  the  liquor  which  now  holds  the  mor- 
phine and  narcotine  in  solution  is  precipitated  by  ammonia ; the 
precipitate  is  morphine.  By  this  process  one  pound  of  pure 
opium  yields  10  drachms  of  morphine,  which  does  not  require 
purification. 

3.  Another  Process. — Take  25  grammes  (about  386  grains)  of 
opium,  cut  it  into  very  thin  slices,  and  macerate  it  in  150  grammes 
(about  5|  fluid  ounces)  of  pure  water  for  24  hours.  Then  tri- 
turate in  a mortar,  and  pour  on  a filter  the  divided  parts  which 
the  liquid  holds  in  suspension ; add  more  water  to  the  residue, 
again  triturate,  and  pour  it  on  the  same  filter.  Wash  with  dis- 
tilled water  until  the  liquid  passes  colourless ; add  to  the  filtered 
solution  an  excess  of  well  hydrated  lime,  boil  for  about  five 
minutes  ; filter  and  acidify  the  filtered  solution  with  hydrochloric 
acid,  which  saturates  the  lime  and  combines  with  the  morphine. 
The  morphine  is  to  be  precipitated  by  ammonia,  expelling  any 
•excess  of  the  latter  by  ebullition.  The  morphine  is  to  be  col- 
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lected  on  a filter,  washed  with  dilute  spirit,  and  then  dissolved 
in  boiling  rectified  spirit ; it  crystallizes  on  cooling.  To  separate 
the  narcotine,  it  must  be  washed  with  ether.  The  morphine  is 
then  dried  and  weighed.  Good  opium  should  yield  10  per  cent, 
of  morphine.  (See  Acar  on  ‘ Medicinal  Substances.’) 

4.  Guilliermont’s  Process. — Take  2co  grains  of  the  opium  to 
be  tested,  cut  it  in  slices,  and  triturate  it  in  a mortar  with  four 
times  its  weight  of  alcohol ; strain  it  through  linen,  squeeze  the 
residue,  and  pour  upon  it  about  300  grains  more  of  fresh  alcohol ; 
mix  the  strained  liquor  together  in  a wide-mouthed  bottle,  and  add 
thereto  60  grains  of  ammonia.  In  the  course  of  12  hours  the 
morphia  will  be  spontaneously  separated,  accompanied  by  more 
or  less  narcotine,  the  morphia  covering  the  interior  of  the  vessel 
with  coloured,  large,  and  gritty  crystals,  feeling  like  sand,  the 
narcotine  crystallizing  in  very  light,  small,  white,  and  pearly 
needles.  "Wash  these  crystals  with  water,  either  through  a paper- 
filter  or  linen,  to  free  them  from  the  meconate  of  ammonium  which 
they  contain ; after  which  the  narcotina  may  be  separated  from 
the  morphia  by  decantation  in  water,  which  will  remove  the 
narcotine,  which  is  lighter.  But,  according  to  M.  Mialhe,  the 
morphia  is  more  effectually  separated  by  washing  the  crystals 
with  60  or  70  grains  of  ether,  morphia  being  insoluble  in  that 
menstruum ; this  is  done  by  triturating  the  pulverized  crystals 
with  the  ether ; the  morphia  is  left  in  an  insoluble  state  ; it  may 
then  be  dried  and  weighed. 

5.  Staples'  Process. — One  hundred  grains  of  the  powdered  and 
dried  opium  are  exhausted  upon  a filter  with  some  warm,  pure 
benzol,  until  the  drops  of  benzol  pass  through  colourless.  The 
opium  is  subsequently  dried  upon  the  filter  until  the  odour  of 
benzol  has  entirely  disappeared,  and  the  powder  has  acquired  a dry 
appearance  : it  is  then  triturated  and  rinsed  into  a flask  with  so 
much  water  as  to  make  10  fluid  drachms  ; the  mixture  is  mace- 
rated with  occasional  agitation  for  12  hours,  and  is  then  poured 
upon  a moistened  filter,  and  tepid  water  allowed  to  percolate 
through  the  opium  until  the  washings  are  quite  or  nearly  colour- 
less. The  aqueous  solution  is  then  evaporated  in  a beaker  upon 
the  water-bath  at  a moderate  heat  to  about  half  a fluid  ounce,  and 
this  is  mixed  with  an  equal  bulk  of  alcohol  of  a specific  gravity  of 
0-835  through  a small  filter,  and  the  latter  washed  with  a little 
dilute  alcohol.  Then  one-half  of  a mixture  consisting  of  60  drops 
of  strong  ammonia  and  two  fluid  drachms  of  alcohol  is  added  with 
agitation,  and  the  mixture  allowed  to  stand  in  a closed  flask  for 
six  hours,  when  the  remainder  of  the  ammonia  is  added,  and  the 
mixture  permitted  to  rest  again  for  24  hours.  The  crystalline 
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deposit  being1  detached  from  its  sides,  the  entire  contents  are  gra- 
dually poured  upon  a small  tared  filter,  and  the  crude  crystalline 
morphia  washed  with  a few  drops  of  cold  water  and  dried  at  a 
temperature  not  exceeding  8o°  C.,  when  the  morphia  is  exhausted 
on  the  same  filter  with  a little  warm  pure  ether,  and  dried  again 
at  the  same  temperature  until  upon  repeated  weighings  the  weight 
remains  unaltered.  The  weight  indicates  the  percentage  of  mor- 
phia in  the  opium. 

6.  Schneider's  Process. — Ten  grammes  (154-340  grains)  of  the 
powdered  and  dried  opium  are  exhausted  with  a mixture  of  150 
grammes  (4  ounces  6 £ drachms)  of  water  and  20  grammes  (5 
drachms  9 grains)  of  pure  hydrochloric  acid ; the  residue,  after 
extraction,  washing,  and  drying,  should  not  exceed  4- 5 grammes 
(1  drachm  91  grains)  in  weight;  to  the  acid  fluid  20  grammes 
(5  drachms  9 grains)  of  common  salt  are  added ; and  the  liquid, 
after  standing  24  hours,  is  passed  through  a filter  with  the 
deposit  thereon  of  narcotin  washed  with  a little  dilute  solution  of 
common  salt;  ammonia  is  then  added  to  the  filtrate  in  slight 
excess,  and  the  whole  allowed  to  stand  for  24  hours  ; the  crystal- 
line deposit  is  then  collected,  redissolved  in  dilute  acetic  acid  and 
reprecipitated  with  dilute  ammonia ; the  precipitate  is  collected 
upon  a moist  tared  filter,  washed  with  a little  cold  water,  dried  at 
a heat  not  exceeding  8o°  C.,  and  weighed ; its  weight  should  not 
be  less  than  one  gramme  corresponding  to  10  per  cent,  of 
morphia. 

Distinctive  Characters  of  Morphia. — This  alkaloid  crystallizes 
in  small  brilliant  prisms,  transparent  and  colourless,  or  it  occurs 
as  a white  crystalline  powder.  Heated  in  a diy  test-tube,  the 
crystals  lose  their  transparency  and  water,  and  fuse  to  a yellow 
mass,  which  on  cooling  again  becomes  white  and  crystalline ; heated 
on  platinum  foil,  the  morphia  burns  away,  leaviug  a carbonaceous 
residue  which  is  wholly  dissipated  at  a red-heat. 

Strom/  sulphuric  acid  dissolves  morphia  without  coloration ; 
the  solution  becomes  green  on  the  addition  of  a drop  of  bichromate 
of  potassium,  and  purple  with  a drop  of  nitric  acid. 

Concentrated  nitric  acid,  diluted  with  an  equal  volume  of 
water,  dissolves  morphia  with  a yellow  colour,  which,  on  heating, 
becomes  purple. 

Perchloride  of  iron  produces  a deep  blue  colour.  Dilute  solu- 
tions of  morphia  in  acidulated  water  are  not  precipitated  by  excess 
of  potash  or  soda,  by  which  morphia  is  distinguished  from  narcotic, 
nor  by  bicarbonate  of  potassium,  by  which  it  is  distinguished  from 
the  cinchona  alkaloids.  They  decompose  iodate  of  potassium, 
liberating  iodine,  which  may  be  extracted  by  agitating  the  solu- 
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tion  with  a little  chloroform  or  bisulphide  of  carbon,  which,  on 
subsiding,  acquires  a scarlet  colour. 

The  ready  solubility  of  morphia  in  caustic  potash  and  soda, 
and  its  reducing  action  upon  iodic  acid  and  permanganate  of 
potassium,  distinguishes  it  from  all  other  vegetable  alkaloids. 
The  presence  of  narcotia  is  indicated  by  a white  crystalline  residue 
left  on  evaporating  on  a watch-glass  a little  pure  ether,  agitated 
with  a few  grains  of  the  morphia. 

OXAEIC  ACID. — Oxalic  acid  occurs  in  transparent  oblique 
rhombic  prisms,  containing  28  per  cent,  of  water  of  crystallization, 
which  they  lose  in  dry  and  warm  air,  the  crystals  crumbling  down 
to  a soft  white  powder  of  anhydrous  acid,  which  may  be  sublimed 
in  a great  measure  without  decomposition.  Heated  upon  platinum- 
foil,  the  crystals  first  fuse  with  slight  crepitation,  and  finally  are 
competely  dissipated,  emitting  inflammable  fumes. 

Oxalic  acid  is  soluble  in  eight  parts  of  cold  and  in  its  own 
weight  of  boiling  water.  The  solution  is  intensely  sour.  It  should 
not  produce  a turbidity  when  mixed  with  alcohol,  but  when 
dropped  into  lime-water,  or  into  a solution  of  sulphate  of  cal- 
cium, a copious  white  precipitate,  insoluble  in  acetic  acid  but 
readily  soluble  in  hydrochloric  acid,  should  be  produced.  When 
heated  with  concentrated  sulphuric  acid,  oxalic  acid  is  resolved 
into  carbonic  acid  and  carbonic  oxide  (equal  volumes),  without 
being  charred,  the  latter  burning  with  a blue  flame. 

Crude  commercial  oxalic  acid  generally  leaves  a very  small 
trace  of  residue,  too  insignificant  to  impair  the  quality  of  the 
acid  or  render  it  unfit  for  its  common  technical  applications. 

OXIDS  OF  COBALT.  See  COBALT. 

0x11*3  of  zinc.  See  Zinc. 

OXYMTISIATE  OF  MERCURY.  See C ORROSIVE  SUBLIMATE. 

packokg.  See  German  Silver. 

paeimc  oil,.  See  Oil. 

pamphoIiIX.  See  Oxide  of  Zinc. 

PAPERS  (Coloured).  See  Blanc  Mange. 

pepper. — Pepper  is  the  fruit  of  various  kinds  of  plants, 
which  grow  principally  in  India,  Java,  and  the  Eastern  islands. 
The  following  varieties  are  met  with  in  commerce — mamety,  black 
pepper,  white  pepper,  cayenne  pepper,  long  pepper,  and  cubebs. 

Black  Pepper. — Good  black  pepper  should  have  a very  hot, 
pungent  taste,  and  a strong  aromatic  odour  ; the  grains  should  be 
hard  and  not  very  full  of  wrinkles;  that  which  is  in  small 
shrivelled  grains  is  of  inferior  quality;  neither  should  the  grains 
break  easily  when  pressed  between  the  fingers.  Black  pepper 
from  Malabar  is  the  best. 
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'White  pepper  is  the  same  substance  as  black  pepper,  from  which 
the  outer  coating  has  been  removed  by  blanching;  it  is  accord- 
ingly much  less  pungent  and  strong  than  black  pepper. 

Both  black  and  white  pepper , when  ground,  are  very  often 
adulterated,  and  sometimes  in  an  extraordinary  degree,  with 
ground  oil-cake , linseed-meal,  and  other  like  substances.  The  best 
way  of  guarding  against  adulteration  is,  like  for  coffee,  to  buy  the 
article  in  the  grain,  and  to  examine  whether  it  has  the  appear- 
ance which  we  have  described  above,  and  which  are  the  criteria 
of  a good  quality. 

MM.  Bussy  and  B o r tr o x- C ir arl a e d (‘  Traite  des  moyens  de 
reconnoitre  les  Falsifications  des  Drogues  simples  et  Composees  ’) 
describe  a falsification  of  the  grains  of  pepper,  by  manufacturing 
them  with  cayenne  pepper,  mustard,  and  various  acrid  and 
pungent  powders,  made  into  a paste  with  mucilage,  and  granu- 
lated in  such  a way  as  to  bear  considerable  resemblance  with 
genuine  pepper,  and  scarcely  recognizable  when  mixed  with  a 
suitable  quantity  of  the  latter.  They  state  that  the  manufacturer, 
in  order  to  imitate  the  genuine  article  more  closely  still,  introduces 
into  the  interior  of  the  false  grains  a mustard-seed  as  a kernel  to 
the  above  paste,  so  that  on  breaking  the  artificial  grain  the 
mustard-seed,  which  has  become  loose  by  drying,  falls  out,  and 
simulates  exactly  the  little  hollow  which  is  generally  seen  in  the 
centre  of  the  genuine  grains.  The  best  way  of  detecting  this 
fraud  consists  in  throwing  a certain  quantity  of  the  suspected 
pepper  into  tepid  water;  the  genuine  pepper  remains  solid  and 
retains  its  spherical  shape,  whilst  the  spurious  grains  swell  out, 
soon  become  soft  and  gluey,  and  on  stirring  become  disintegrated 
and  fall  into  powder. 

For  the  purpose  of  ascertaining  whether  ground  pepper  is 
genuine  and  of  good  quality,  the  best  way  consists  in  ascertaining 
the  amount  of  piperine  contained  in  the  pepper  under  examination. 
This  may  be  done  by  treating  1,000  grains,  for  example,  of  pul- 
verized pepper  with  alcohol  of  sp.  gr.  0-833  until  they  are 
exhausted.  The  solution  is  then  distilled  to  the  consistence  of  an 
extract ; the  extract  so  obtained  is  then  mixed  with  a solution  of 
caustic  potash,  which  dissolves  the  resin,  and  leaves  a green 
powder,  which  should  be  first  well  washed  with  water,  and  then 
dissolved  in  alcohol  of  sp.  gr.  0*833.  By  spontaneous  evaporation 
the  solution  yields  quadrilateral  transparent  obliquely-truncated 
crystals  of  piperine,  which  are  tasteless  and  inodorous,  insoluble 
in  cold  water,  sparingly  soluble  in  boiling  water,  from  which  they 
separate  on  cooling;  soluble  in  alcohol,  especially  with  the  help 
of  heat.  The  alcoholic  solution  is  precipitated  by  water.  Good 
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pepper  yields  about  ii  per  cent,  of  piperine  ; and  of  course,  if  tbe 
article  is  adulterated",  tlie  reduced  proportion  of  the  piperine 
obtained  may  serve  to  indicate  tbe  quality  of  the  pepper,  or  the 
extent  of  the  fraud. 

PERUVIAN  BARK. — Estimation  of  the  Alkaloids  in  Cin- 
chona Barks  (Hoffmann,  ‘ Manual  of  Chem.  Anal,  as  applied  to 
the  Examination  of  Medicinal  Chemicals’). — A fair  average  quan- 
tity of  the  bark  is  reduced  to  powder.  10  drachms  are  mixed 
with  an  equal  bulk  of  coarsely-powdered  glasss,  and  introduced 
into  a comparatively  narrow  glass  percolator,  whose  lower  end  is 
drawn  into  a point  and  loosely  closed  with  cotton  ; the  powder  is 
covered  with  a layer  of  glass  or  quartz,  and  when  the  percolator 
is  placed  in  a perpendicular  position,  water,  acidulated  with 
about  one  per  cent,  of  concentrated  sulphuric  acid,  is  introduced, 
until  it  has  penetrated  the  column  and  commences  to  drop  out ; 
then  the  upper  orifice  is  corked,  and  the  whole  allowed  to  stand 
for  several  hours,  when  the  cork  is  removed,  aud  the  percolation 
with  the  acidulated  water  is  continued  until  a few  drops  of  the 
menstruum,  received  in  a test-tube,  cease  to  have  a bitter  taste  or 
to  become  turbid  on  the  addition  of  ammonia.  The  entire  liquid 
is  then  poured  into  a porcelain  dish,  and  three  drachms  of 
powdered  calcined  marble  are  added,  and  the  mixture  evaporated 
to  dryness  on  a water-bath.  The  dry  residue  is  triturated,  intro- 
duced into  a flask,  and  repeatedly  and  completely  extracted  with 
strong  alcohol.  The  filtered  alcoholic  solution  is  evaporated  in  a 
small  tared  beaker-glass  at  a gentle  heat,  and  when  dry  the  beaker 
is  allowed  to  stand  for  several  hours  at  a temperature  near  8o°  C. ; it 
is  finally  weighed  ; and  when  the  tare  is  subtracted,  the  difference 
answers  approximately  to  the  quantity  of  cinchona  alkaloids  con- 
tained in  10  drachms  of  the  bark. 

According  to  F,  Hoffmann,  the  most  reliable  method  for  the 
estimation  of  the  value  of  commercial  cinchona  bark  designed  for 
the  manufacture  of  sulphate  of  quinine,  is  the  preparation  of  the 
sulphate  of  quinine  on  a small  scale  by  the  process  of  the  U.S. 
Pharmacopoeia. 

12  ounces  of  the  bark,  in  coarse  powder,  are  thoroughly  mixed 
with  4 pints  of  water  and  half  an  ounce  of  hydrochloric  acid  of 
1*160  sp.  gr.  The  mixture  is  allowed  to  macerate  for  twelve 
hours,  and  is  then  gently  boiled  in  a porcelain  capsule  for  about 
one  hour ; it  is  then  strained  through  muslin,  and  the  residue  is 
boiled  twice  successively  with  half  of  a mixture  consisting  of  three 
pints  of  water  and  three  drachms  of  hydrochloric  acid,  aud 
strained ; the  powder  is  finally  submitted  in  the  muslin  to  a gentle 
pressure,  and  this  is  repeated  again  after  it  has  been  moistened 
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■with  about  six  ounces  of  boiling  water.  The  obtained  liquids  are 
mixed  in  a porcelain  capsule,  and  heated  ; now,  while  hot,  a 
mixture  of  ten  drachms  of  lime,  previously  slaked  with  eight 
ounces  of  water,  is  gradually  added,  with  constant  stirring  with  a 
glass  rod  until  the  solution  of  lime,  and  the  corresponding  forma- 
tion of  a precipitate  of  quinine,  cease,  or  until  the  paper  turns 
turmeric-paper  brown.  The  precipitate  is  collected  upon  a filter, 
and  washed  with  distilled  water  until  this  ceases  to  cause  a 
turbidit}',  when  a few  drops  are  allowed  to  fall  into  a solution  of 
nitrate  of  silver  acidulated  with  nitric  acid ; the  precipitate  is 
then  dried,  and  when  detached  from  the  filter  reduced  to  a fine 
powder,  which  is  successively  exhausted  with  decreasing  quantities 
of  boiling  alcohol,  separating  the  alcohol  from  the  precipitate  by 
decantation,  which  operation  is  repeated  until  the  alcohol  is  no 
longer  rendered  bitter.  The  obtained  alcoholic  solutions  are 
mixed,  and  are  concentrated  to  a syrupy  consistence  either  by 
evaporation  or  distillation ; the  remainder  is  then  transferred  and 
rinsed  into  a flask  with  tw  elve  ounces  of  boiling  water ; it  is  then 
heated  to  boiling,  and  so  much  dilute  sulphuric  acid  is  added  as  just 
completely  to  dissolve  the  quinia ; then  half  an  ounce  of  com- 
mon animal  charcoal  is  added,  or  so  much  as  to  leave  the  liquid 
of  a faintly  acid  reaction  upon  blue  litmus-paper.  After  a few 
minutes’  gentle  stirring,  the  mixture  i3  filtered  while  hot,  and  the 
residue  washed  on  the  filter  with  a little  boiling  water ; the 
entire  filtrate  is  then  set  aside  to  crystallize.  The  crystals  are 
separated  from  the  liquid,  which  is  allowed  to  drop  off  as  much  as 
possible,  and  they  are  then  dried  in  a porcelain  capsule,  covered 
with  bibulous  paper,  at  a heat  not  exceeding  50°  C.,  taking  care  to 
avoid  efflorescence  of  the  dry  crystals.  The  remaining  liquid  is 
evaporated  at  a boiling  heat  to  nearly  two-thirds  of  its  volume, 
and  is  then  allowed  to  crystallize  again ; these  crystals  are  sepa- 
rated and  dried  as  before.  The  mother-water  may  be  made  to 
yield  an  additional  quantity  of  quinia  sulphate  by  precipitating 
the  quinia  with  ammonia,  and  treating  the  precipitated  alkaloid, 
as  before,  with  proportionate  quantities  of  distilled  water,  sul- 
phuric acid,  and  mineral  charcoal. 

The  entire  yield  of  quinia  sulphate,  when  dry,  represents  the 
available  quantity  of  the  salt  obtained  from  1 2 ounces  of  the  bark, 
which  number  has  to  be  multiplied  by  8-33,  in  order  to  express 
the  percentage  value  of  the  bark  in  quinia  sulphate. 

The  ‘British  Pharmacopoeia’  gives  the  following  process  for 
the  estimation  of  the  quinia  in  cinchona  barks  : — 

‘Boil  100  grains  of  the  bark,  reduced  to  a fine  powder,  for  a 
quarter  of  an  hour  in  a fluid  ounce  of  distilled  water,  and  allow  it 
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to  macerate  for  24  hours.  Transfer  the  whole  to  a small  per- 
colator, and,  after  the  fluid  has  ceased  to  drop,  add  at  intervals 
about  an  ounce  and  a half  of  similarly  acidulated  water,  or  until 
the  fluid  which  passes  through  is  free  from  colour.  Add  to  the 
percolated  fluid  solution  of  subacetate  of  lead  until  nearly  the 
whole  of  the  colouring  matter  has  been  removed,  taking  care  that 
the  fluid  remains  acid  in  reaction.  Filter,  and  wash  with  a little 
distilled  water.  To  the  filtrate  add  about  35  grains  of  hydrate  of 
potash,  or  as  much  as  will  cause  the  precipitate  which  is  at  first 
formed  to  be  nearly  redissolved,  and  afterwards  6 fluid  drachms  of 
ether.  Then  shake  briskly,  and  having  removed  the  ether,  repeat 
the  process  twice  with  3 fluid  drachms  of  ether,  or  until  a 
drop  of  the  ether  employed  leaves  on  evaporation  scarcely 
any  perceptible  residue.  Lastly,  evaporate  the  mixed  etherial 
solutions  in  a capsule.  The  residue,  which  consists  of  nearly 
pure  quinia,  when  dry,  should  weigh  not  less  than  2 grains  (2 
per  cent.),  and  should  be  readily  soluble  in  dilute  sulphuric  acid. 

phosphate  OP  sodium. — Phosphate  of  sodium  is  met 
with  in  oblong  rhombic  crystals,  or  in  small  white,  nacreous, 
shining  plates,  which  do  not  readily  effloresce  by  exposure ; of  a 
slightly  saline  but  not  bitter  taste.  Phosphate  of  sodium  turns 
syrup  of  violets  green.  It  is  soluble  in  three  parts  of  cold  and 
two  of  boiling  water.  Its  solution  is  precipitated  by  barytic  salts, 
and  the  precipitate  is  completely  soluble,  without  effervescence,  in 
nitric  acid. 

The  salts  by  which  phosphate  of  sodium  is  generally  con- 
taminated are  sulphate  or  carbonate  of  sodium , chloride  of  sodium, 
and  sometimes  a little  arsenic  or  arsenious  acid. 

The  presence  of  sxdpliate  of  sodium  is  detected  by  dissolving  a 
portion  of  the  salt  in  distilled  water,  and  acidifying  it  with  nitric 
or  hydrochloric  acid.  If  a solution  of  chloride  of  barium,  or  of 
nitrate  of  barium,  being  now  added,  produces  a white  precipitate, 
insoluble  in  water  and  in  acids,  it  is  sulphate  of  barium ; the 
liquor  containing  the  precipitate  should  be  boiled  a little  in  order 
to  agglomerate  it,  and  after  settling,  it  is  collected  on  a filter, 
washed,  dried,  and  ignited.  1 1 7 grains  of  sulphate  of  barium 
represent  40  of  anhydrous  sulphuric  acid,  and  consequently  172  of 
dry  sulphate  of  sodium ; or  each  grain  of  sulphate  of  barium 
represents  0-34368  grain  of  sulphuric  acid. 

The  presence  of  carbonate  of  sodium,  or  of  any  other  car- 
bonate, is  detected  by  moistening  the  salt  with  a little  water,  and 
pouring  an  acid  upon  it,  which  will  produce  a disengagement  of 
carbonic  acid,  the  quantity  of  which  may  be  readily  estimated  by 
Drs.  Freseuius’  and  Wills’  apparatus.  (See  Alkalimetry.) 
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The  quantity  of  carbonate  of  sodium  in  phosphate  of  sodium 
may  also  be  estimated  by  carefully  precipitating  the  solution  with 
nitrate  of  barium,  collecting  the  precipitate,  washing,  drying,  and 
then  weighing  it.  It  should  then  be  treated  by  weak  nitric  acid, 
which  will  redissolve  the  carbonate  and  phosphate  of  barium,  and 
leave  any  sulphate  which  may  be  present  in  an  insoluble  state ; 
the  filtrate  being  now  saturated  by  ammonia,  the  phosphate  of 
barium  alone  will  be  precipitated,  and  after  separating  it  by 
filtering,  the  baryta  left  in  the  solution  may  now  be  precipitated 
bvr  boiling  with  carbonate  of  ammonium ; each  grain  of  carbonate 
of  barium  thus  precipitated  corresponds  to  0-545  grain  of  car- 
bonate of  sodium.  If  a solution  of  carbonate  of  sodium  being 
added  to  one  of  phosphate  of  sodium  renders  it  turbid,  it  is  a proof 
of  the  presence  of  an  earthy  base. 

The  presence  of  chloride  of  sodium  is  recognized  by  dissolving 
a portion  of  the  phosphate  of  sodium  under  examination  in  water, 
acidifying  the  solution  with  nitric  acid,  and  testing  with  solution 
of  nitrate  of  silver,  which  will  then  produce  a precipitate  of 
chloride  of  silver,  insoluble  in  dilute  acids,  but  immediately 
soluble  in  ammonia. 

Arsenic  and  arsenious  acids,  which  exist  sometimes  in  phos- 
phate of  sodium,  may  be  detected  by  dissolving  the  phosphate, 
adding  hydrochloric  acid  to  the  solution,  and  passing  a current  of 
sulphuretted  hydrogen  through  ; a yellow  precipitate  of  sulphide 
of  arsenic  is  produced,  especially  by  applying  heat.  If  the  solu- 
tion thus  saturated  with  the  gas  be  left  at  rest  for  about  twelve 
hours  in  a warm  place,  the  whole  of  the  arsenic  will  be  pre- 
cipitated. 

PINCHBECK.  See  BRASS. 

PIATINUM. — Analysis  of  Platinum  Ores  (MM.  Deville  and 

H.  Debrat,  ‘ Annales  de  Chimie  et  de  Physique’). — The  following 
substances  are  contained  in  the  ores  of  this  valuable  metal:  — 

I , Sand;  2,  Osmule  of  Iridium ; 3,  Platinum,  Iridium,  Rhodium 
and  Palladium  (probably  an  alloy)  5 4,  Copper  and  Iron ) 5,  Gold, 
and  a little  Silver. 

(1.)  Determination  of  the  Sand. — This  is  effected  by  heating  a 
known  weight  (about  2 grammes)  of  the  ore  with  five  or  six  times 
its  weight  of  pure  granulated  silver  in  a crucible,  the  sides  of 
which  have  been  previously  glazed  by  melting  borax  in  it : over 
the  metals  10  grammes  of  fused  borax  and  one  or  two  pieces  of 
wood-charcoal  are  placed,  the  heat  is  raised  a little  above  the 
melting-point  of  silver,  at  which  it  is  kept  for  some  time ; the 
vitreous  matters  are  dissolved  by  the  borax,  and  all  the  metals 
are  contained  in  the  button  of  silver  which  is  found  at  the  bottom 
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of  the  crucible  when  cold;  it  is  heated  to  faint  redness,  and 
weighed;  the  weight,  subtracted  from  the  sum  of  the  weights  of 
the  ore  and  silver  employed,  gives  the  amount  of  sand. 

(2.)  j Determination  of  Osmium  and  Iridium. — About  2 grammes 
of  the  ore  are  repeatedly  treated  with  aqua-regia  until  the  whole 
of  the  platinum  is  dissolved,  which  is  known  by  the  solution  being 
no  longer  coloured.  The  insoluble  residue  is  osmide  of  iridium  in 
the  form  of  spangles,  together  with  the  sand ; it  is  washed  by 
decantation,  dried,  and  weighed ; by  subtracting  the  weight  of  the 
sand  obtained  in  the  former  operation,  we  get  the  weight  of  the 
osmide  of  iridium. 

(3.)  Determination  of  the  Platinum  and  Iridium. — The  solu- 
tion obtained  in  the  last  operation  is  evaporated  to  dryness  on  the 
water-bath,  redissolved  in  a little  water,  alcohol  added,  and  then 
crystals  of  sal-ammoniac  in  great  excess ; after  standing  for  twenty- 
four  hours  the  orange-yellow  or  reddish-brown  precipitate  is 
thrown  on  a filter,  and  washed  with  alcohol : it  consists  of  the 
ammonio- chlorides  of  platinum  and  iridium,  but  a portion  still 
remains  in  the  solution ; the  double  chlorides  of  the  two  metals, 
after  being  dried,  are  heated  to  low  redness  in  a platinum  crucible, 
and  the  filter  is  burnt  at  the  lowest  possible  temperature;  to 
favour  the  reduction  of  the  iridium,  and  the  escape  of  the  last 
traces  of  osmium,  a piece  of  paper  saturated  with  turpentine  is 
introduced  into  the  crucible.  The  heat  is  now  raised  gradually  to 
whiteness,  and  the  reduction  of  the  metal  is  finished  in  a current 
of  hydrogen.  The  filtrate  from  the  double  chlorides  of  platinum 
and  iridium  is  concentrated  until  the  greater  part  of  the  sal- 
ammoniac  crystallizes  out;  it  is  then  allowed  to  cool,  upon  which 
a deep  violet-coloured  precipitate  is  formed ; this  is  ammonio- 
chloride  of  iridium,  mixed  with  a little  of  the  corresponding 
platinum  salt ; it  is  collected  on  a filter,  and  washed  first  with  a 
solution  of  sal-ammoniac,  and  then  with  alcohol,  after  which  it  is 
dried  and  ignited  in  a current  of  hydrogen.  The  results  of  the 
two  reductions  are  weighed  and  digested  at  about  120°  F.,  with 
repeated  portions  of  aqua-regia  diluted  with  five  or  six  times  its 
bulk  of  water,  till  the  liquid  is  no  longer  coloured ; all  the 
platinum  is  dissolved,  leaving  as  a residue  iridium  in  a state  of 
purity. 

(4.)  Determination  of  the  Palladium,  Iron,  and  Copper. — 
These  metals  are  contained  in  the  liquor  from  which  the  platinum 
and  iridium  have  been  separated.  The  alcohol  and  chloride  of 
ammonium  are  evaporated  off’,  the  removal  of  the  latter  being 
facilitated  by  the  addition  of  nitric  acid,  which  transforms  it  into 
nitrogen  and  hydrochloric  acid;  tho  evaporation  is  continued 
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almost  to  dryness ; the  residue  is  transferred  to  a weighed  por- 
celain crucible,  and  when  dry  is  moistened  with  sulphide  of 
ammonium,  and  loosely  covered  with  two  or  three  grammes  of 
pure  sulphur.  The  crucible  is  covered,  placed  in  a larger  clay 
crucible,  and  surrounded  with  pieces  of  wood-charcoal ; a cover  is 
then  put  upon  the  clay  crucible,  and  it  is  brought  slowly  up  to  a 
bright  red-heat,  the  fire  being  lighted  at  the  top  of  the  furnace  in 
order  to  avoid  the  projection  of  any  matter  from  the  crucible, 
which  might  happen  if  it  were  too  quickly  heated.  When  cold, 
the  inner  crucible  contains  palladium  in  the  metallic  state,  with 
the  sulphides  of  iron  and  copper , and  also  the  (/old  and  the 
rhodium.  The  mixture  is  digested  for  a long  time  at  150°  with 
concentrated  nitric  acid,  which  dissolves  the  palladium,  iron,  and 
copper,  converting  them  into  nitrates.  These  are  dissolved  out  by 
water,  and  the  residue  well  washed ; the  solution  and  washings 
are  evaporated  to  dryness,  and  then  calcined  at  a strong  red-heat; 
the  palladium  is  reduced,  and  the  iron  and  copper  are  converted 
into  oxides,  which  are  easily  separated  from  the  palladium  by 
strong  hydrochloric  acid,  and  the  latter,  now  in  a state  of  purity, 
is  strongly  ignited  and  weighed.  The  chlorides  of  copper  and 
iron  are  treated  in  the  usual  way  for  the  determination  of  each. 
. metal. 

(5.)  Determination  of  the  Gold. — This  metal  is  contained  in 
the  residue  (4),  insoluble  in  nitric  acid : it  is  weighed,  and  then 
treated  with  dilute  aqua-regia,  which  dissolves  the  gold,  and 
sometimes,  but  rarely,  a trace  of  platinum,  the  presence  of  which 
is  detected  by  chloride  of  ammonium.  The  difference  between 
the  weight  of  the  crucible  before  and  after  the  treatment  by  aqua- 
regia  gives  the  weight  of  the  gold. 

(6.)  The  residue  left  in  the  crucible  is  rhodium,  which  is 
reduced  in  a current  of  hydrogen,  and  then  weighed. 

MM.  Deville  and  Derbray  caution  experimenters  to  beware 
of  the  ill  effects  of  osmium,  which  particularly  attacks  the  eyes ; 
and  also  to  avoid  breathing  the  vapour  from  the  aqua-regia. 

Berzelius  gives  the  following  analysis  of  the  ores  of  this 
mineral.  (See  p.  317.) 

PORTER.  See  Beer. 

potash. — The  substance  known  under  that  name  in  com- 
merce is  the  impure  carbonate  of  potassium,  obtained  by  lexiviat- 
ing  the  ashes  of  burnt  plants  and  evaporating  the  ley  to  dryness; 
the  result  is  an  impure  carbonate  of  potassium,  contaminated  by 
variable  proportions  of  sulphate  of  potassium,  of  chloride  of 
potassium,  of  silica,  alumina,  oxide  of  iron,  of  manganese,  &c. 

Commercial  potash  is  in  lumps  of  a brown  colour,  brick-red 
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internally,  very  hard,  deliquescent,  and  of  an  intensely  alkaline, 
hitter,  caustic  taste.  The  brown  colour  is  due  to  the  presence  of 
organic  matter.  When  the  potash  produced,  as  above  described, 
is  put  into  a reverberatory  furnace  and  calcined,  the  vegetable 
matter  is  destroyed,  and  the  potash  becomes  of  a bluish-white 
colour,  and  is  called  pearlash. 

Potash  and  pearlash  are  chiefly  manufactured  in  .Russia, 
Poland,  and  America,  the  immense  forests  of  those  countries 
supplying  an  abundance  of  fuel,  and  consequently  of  ashes.  Both 
potash  and  pearlash  are  of  great  importance  in  several  manufac- 
tures. The  processes  by  which  their  commercial  or  alkaline  value 
can  be  determined  have  been  fully  detailed  in  the  article  on 
Alkalimetry. 

Caustic  Potash,  Hydrate  of  Potash. — Pure  or  caustic 
potash  is  obtained  from  the  commercial  potash  (carbonate  of  po- 
tassium) by  dissolving  one  part  of  the  latter  substance  in  about 
10  or  12  parts  of  water,  boiling  the  solution  in  a clean  iron  vessel, 
and  adding  slaked  lime,  in  small  portions  at  a time,  to  the  boiling 
solution,  until  on  Altering  a portion  of  it  and  receiving  the  drops 
in  hydrochloric  acid,  not  the  slightest  effervescence  is  observed ; 
ordinarily  about  one  part  of  quick  lime,  previously  slaked,  is  suffi- 
cient for  two  parts  of  commercial  potash.  The  solution  is  then 
allowed  to  subside,  the  clear  liquor  is  decanted  or  syphoned  out, 
and  evaporated  in  a polished  iron  vessel,  or  better  still,  in  a basin 
of  pure  silver,  until  it  assumes  the  appearance  of  a syrupy  mass, 
which  concretes  in  cooling. 

Caustic  potash  is  ordinarily  in  flat,  irregular,  brittle  fragments, 
of  a grayish-white  and  sometimes  reddish  colour ; when  pure, 
they  should  be  perfectly  white  ; their  taste  is  excessively  caustic, 
and  they  have  a slight  odour  of  potash  ley.  As  they  are  ex- 
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tremely  deliquescent,  and  attract  promptly  the  carbonic  acid  of 
the  air  by  exposure,  they  should  be  kept  in  well  stoppered 
flasks. 

Pure  or  caustic  potasb  is  generally  contaminated  by  silica  and 
alumina,  which  impurities  may  be  readily  detected  by  dissolving 
a portion  of  the  potash  under  examination  in  water,  supersaturat- 
ing the  alkali  with  hydrochloric  acid,  evaporating  to  dryness, 
moistening  the  dry  residuum  with  dilute  hydrochloric  acid,  and 
then,  after  a little  while,  pouring  a sufficient  quantity  of  water 
upon  it ; the  silica,  if  any  be  present,  will  be  found  in  an  insoluble 
state.  It  may  then  be  collected  on  a filter,  washed,  dried,  ignited, 
and  weighed. 

The  liquor  filtered  from  the  silica  being  tested  with  carbonate 
of  ammonium,  will  produce  a white,  flaky  precipitate  of  alumina, 
if  that  earth  be  present.  This  precipitate,  which  is  bulky,  should 
be  washed  with  hot  water,  thoroughly  dried,  ignited,  and  then 
weighed. 

If  the  potash  contains  any  peroxide  of  iron,  it  has  a brown  or 
reddish  colour,  and  {upon  dissolving  it  in  boiling  water  the  per- 
oxide of  iron  is  left  in  an  insoluble  state ; the  quantity  may  be 
determined  by  collecting  it  on  a filter,  washing  it  thoroughly  with 
hot  water,  drying  it  perfectly,  and  then  igniting  and  weighing  it. 

If  a chloride  (chloride  of  potassium)  be  present,  it  may  be 
detected  by  dissolving  a given  weight  of  the  potash  in  water, 
supersaturating  the  solution  with  nitric  acid,  and  then  adding  a 
solution  of  nitrate  of  silver,  which  will  produce  a precipitate  of 
chloride  of  silver.  The  liquor  containing  it  should  be  warmed, 
after  which  the  chloride  of  silver  may  be  collected  on  a filter, 
washed,  dried,  fused  on  a porcelain  crucible  or  capsule,  and 
weighed.  I43‘5  grains  of  chloride  of  silver  represent  74-5  grains 
of  chloride  of  potassium,  or  one  equivalent  of  any  other 
chloride. 

Or  the  solution,  supersaturated  with  nitric  acid,  may  be  tested 
with  a solution  of  nitrate  of  silver  of  a known  strength,  as  for  the 
assay  of  silver  (see  Silver ).  Chloride  of  potassium  is  almost  in- 
variably present  in  the  potash  of  shops. 

If  the  solution  filtered  from  the  chloride  of  silver  above  men- 
tioned, being  tested  with  solution  of  chloride  of  barium,  yields  a 
white  precipitate,  insoluble  in  water  and  in  acids,  it  is  a proof  of 
the  presence  of  a sulphate-,  the  precipitated  sulphate  of  barium 
may  then  be  collected  on  a filter,  washed,  dried,  ignited,  and 
weighed.  ii6-5  grains  of  sulphate  of  barium  represent  40  grains 
of  sulphuric  acid,  and  consequently  one  equivalent  of  sulphate. 

If  a carbonate  be  present  (carbonate  of  potassium),  the  addition 
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•of  an  acid  will  produce  an  effervescence.  The  quantity  of  the 
carbonate  may  he  determined  either  by  means  of  Drs.  Fresenius’ 
and  Wills’  apparatus  (see  Alkalimetry'),  or  else  a given  weight  of 
the  solution  being  diluted  with  water,  a solution  of  chloride  of 
barium  should  be  added,  which  will  then  produce  a precipitate  of 
carbonate  of  barium.  When  the  precipitate  has  completely  settled, 
which  requires  several  hours,  the  liquid  is  poured  on  the  filter,  hot 
water  is  then  added  to  the  precipitate,  and  after  having  shaken  it 
violently,  it  is  allowed  to  settle  again.  This  operation  having 
been  repeated  several  times,  the  precipitate  is  finally  collected  on 
a filter.  The  funnel  must  be  sheltered  from  the  contact  of  the 
air  during  the  filtering,  in  order  to  guard  against  the  carbonic  acid 
of  the  air  augmenting  the  quantity  of  the  earthy  carbonate  pro- 
duced. The  precipitate  should  then  be  washed  until  the  filtered 
liquor  ceases  to  afford  a precipitate  when  tested  with  nitrate  of 
silver,  to  which  a little  free  nitric  acid  has  been  added.  The 
carbonate  of  barium  on  the  filter  is  then  dried,  ignited,  and 
weighed;  it  does  not  lose  any  carbonic  acid  by  ignition.  Each 
grain  of  carbonate  of  barium  contains  0-22414  grain  of  carbonic 
acid,  which  represents  therefore  0-63166  grain  of  carbonate  of 
potassium. 

If  both  a sulphate  and  a carbonate  are  present,  and  a solution  of 
■chloride  of  barium  is  used,  the  precipitate  will  consist  of  both 
sulphate  and  carbonate  of  barium.  The  collective  precipitate 
should  therefore  be  washed,  dried,  and  weighed,  after  which 
it  should  be  treated  by  hydrochloric  acid,  which  will  dissolve  the 
carbonate  only,  and  leave  the  sulphate  in  an  insoluble  state,  the 
weight  of  which  being  now  taken  will  show  the  relative  proportion 
of  both  substances,  the  loss  from  the  collective  weight  indicating 
the  proportion  of  carbonate. 

If  traces  of  lime  are  present  in  the  potash,  oxalic  acid  will 
produce  a precipitate  of  oxalate  of  calcium. 

Sulphate  of  Potassium  ( Sal  du  Duobus ). — This  salt  crystal- 
lizes in  short  six-sided  prisms,  terminated  by  hexaedral  pyramids ; 
the  crystals  are  anhydrous,  hard,  white,  unalterable  by  exposure; 
their  taste  is  slightly  bitter;  they  decrepitate  strongly  when  heated. 
When  strongly  ignited  they  fuse,  but  are  not  decomposed.  Their 
sp.  gr.  is  2-4073. 

According  to  M.  Gay-Lussac  : 

100  parts  of  water  at  6i°  F.  dissolve  10-5  parts  of  sulphate  of 
potassium. 

100  parts  of  water  at  1 20-2  F.  dissolve  1 6-9  ditto. 

100  parts  of  water  at  215  F.  dissolve  26-3  ditto. 

Sulphate  of  potassium  is  completely  insoluble  in  alcohol. 
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The  sulphate  of  potassium  of  commerce  is  often  contaminated 
by  sulphate  of  zinc,  of  iron,  of  copper,  of  magnesia,  of  lime,  and 
sometimes  by  bisulphate  of  potassium. 

The  presence  of  sulphate  of  zinc  is  detected  by  dissolving  a 
portion  of  the  salt  in  water,  acidifying  with  a little  nitric  acid, 
and  supersaturating  with  ammonia.  If  iron  is  present,  reddish- 
brown  flakes  of  peroxyde  of  iron  will  be  precipitated,  and  should 
be  separated  by  filtering.  If  copper  is  present,  the  solution  will 
have  a blue  tinge.  Admitting,  howevei’,  that  the  salt  under  ex- 
amination contains  no  other  impurities  than  sulphate  of  zinc,  the 
solution  will  remain  perfectly  clear  after  the  addition  of  the 
ammonia  ; that  is  to  say,  at  first  the  ammonia  may  determine  a 
white  precipitate,  which,  however,  will  be  immediately  redissolved 
by  an  excess  of  the  reagent ; if  it  is  not  redissolved  it  is  a proof 
that  some  other  base  is  present,  and  the  liquor  must  be  filtered. 
However  this  may  be,  if  hydrosulphuret  of  ammonia,  being  added 
to  the  clear,  colourless,  strongly  ammoniacal  liquor,  produces  a 
white  precipitate  or  cloudiness,  insoluble  in  an  excess  of  hydro- 
sulphuret of  ammonia,  it  is  certainly  sulphide  of  zinc.  If  the 
sulphide  of  zinc  so  produced  is  in  sufficient  quantity,  it  may  be 
collected  on  a filter,  redissolved  in  hydrochloric  acid,  boiled  until 
all  odour  of  sulphuretted  hydrogen  has  disappeared,  filtered,  and 
reprecipitated  as  carbonate  of  zinc  by  carbonate  of  potassium  or  of 
sodium,  with  the  precautions  which  are  indicated  farther  on  in  the 
article  on  Zinc  and  Zinc  Ores. 

If  the  solution  contains  the  slightest  trace  of  iron,  the  precipi- 
tated sulphide  of  ziuc  produced  by  hydrosulphuret  of  ammonia, 
instead  of  being  white,  may  be  gray,  or  blackish,  or  interspersed 
with  black  flakes,  or  altogether  black,  according  to  the  quantity 
of  iron  present. 

If  iron  is  present,  it  will  have  been  precipitated  from  the  solu- 
tion by  ammonia,  in  the  state  of  peroxide  of  iron,  which  may 
be  collected  on  a filter,  washed,  dried,  ignited,  and  weighed.  If 
both  iron  and  zinc  are  present,  they  may  be  separated  by  means 
of  a solution  of  neutral  succinate  of  ammonia,  or  by  carbonate 
of  baryta,  exactly  as  is  described  in  the  article  on  Zinc  and  Zinc 
Ores. 

If  copper  is  present,  the  addition  of  ammonia  will  have  pro- 
duced a blue  tinge  or  colour  as  above  said ; or  if  in  too  small 
quantity  to  be  thus  detected,  the  operator  may  test  the  aqueous 
solution  of  the  salt,  to  which  no  ammonia  has  been  added,  with 
ferrocyanuret  of  potassium,  which  will  then  produce  a reddish- 
brown  precipitate  of  a crimson  tinge.  If  the  precipitate  or  colour 
is  blue,  it  is  due  to  the  presence  of  iron. 
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Generally,  only  a trace  of  tliese  impurities  is  indicated  by 
tbe  above  tests. 

If  magnesia  alone  is  present,  a portion  of  the  solution  of 
tbe  salt,  to  which  no  ammonia  has  been  added,  being  tested  with 
caustic  potash,  will  produce  a white  precipitate  of  hydrate  of 
magnesia.  Or  else  the  solution  of  the  salt  may  be  mixed  with  an 
excess  of  solution  of  sal-ammoniac,  and  then  tested  with  a solution 
of  phosphate  of  sodium  and1  ammonia,  which  will  immediately 
produce  a white  precipitate  of  ammonia-phosphate  of  magnesium. 

If  lime  is  present,  the  solution  of  the  salt  being  tested  with 
a solution  of  binoxalate  of  potassium,  or  of  oxalate  of  ammonium, 
will  produce  a white  precipitate,  or  be  rendered  turbid. 

The  presence  of  bisulphate  of  potassium  is  detected,  because 
the  salt,  instead  of  being  neutral  to  test-paper,  reddens  blue  litmus- 
paper.  The  salt  should  be  drenched  with  water  before  testing 
with  litmus-paper. 

Supposing,  however,  which  is  not  probable,  that  all  these 
impurities  are  present  at  the  same  time,  they  may  be  detected 
as  follows : — 

i°.  Dissolve  the  salt  in  water,  acidify  the  solution  with 
hydrochloric  acid,  and  pass  a stream  of  sulphuretted  hydrogen 
through  it  until  it  smells  strongly  of  the  gas  5 if  a black  or  dark 
brown  precipitate  is  produced,  it  is  sulphide  of  copper.  Confirm, 
by  collecting  the  black  precipitate  on  a filter,  redissolve  it  in  nitric 
acid,  and  supersaturate  the  nitric  acid  solution  with  ammonia ; if 
a blue  colour  is  produced,  copper  is  present. 

20.  To  the  liquor  filtered  from  the  sulphide  of  copper,  add 
an  excess  of  sal-ammoniac,  and  then  ammonia,  and  whether  a 
precipitate  is  produced  or  not,  add  an  excess  of  hydrosulphuret  of 
ammonia. 

If  a white  precipitate  only  has  been  produced,  it  is  sul- 
phide of  zinc ; if  the  precipitate  is  gray  or  black,  zinc  and  iron 
may  be  present.  Collect  the  precipitate  on  a filter,  and  keep  the 
filtrate  for  further  examination ; wash  the  precipitate  and  redissolve 
it  in  nitric  acid,  and  supersaturate  the  solution  with  ammonia.  If 
a reddish-brown  precipitate  is  produced,  insoluble  in  an  excess  of 
ammonia,  it  is  peroxide  of  iron.  Confirm,  by  redissolving  it  in  a 
small  quantity  of  hydrochloric  acid,  so  that  the  solution  may  be  as 
neutral  as  possible,  and  test  a portion  of  this  with  solution  of  ferro- 
cyanide  of  potassium ; a blue  precipitate  is  formed ; test  another 
portion  with  tincture  of  galls,  a black  colour  is  produced.  Iron  is 
present. 

If  the  liquor  filtered  from  the  precipitate  of  peroxide  of 
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iron  produced  by  ammonia,  and  which  is  strongly  ammoniacal, 
clear  and  colourless,  being  now  tested  by  hydrosulphuret  of  am- 
monia, yields  a white  precipitate,  it  is  sulphide  of  zinc.  The 
white  precipitate  which  hydrosulphuret  of  ammonia  produces  in  a 
clear,  colourless,  strongly  ammoniacal  or  alkaline  solution,  can 
hardly  be  anything  else  than  sulphide  of  ziuc. 

3°.  The  solution  which  was  filtered  from  the  precipitate 
produced  by  ammonia  and  hydrosulphuret  of  ammonia,  and  which 
was  kept  for  further  examination,  should  now  be  boiled  with 
hydrochloric  acid  until  all  odour  of  sulphuretted  hydrogen  has 
disappeared ; filter,  if  necessary,  and  boil  the  filtrate  with  an 
excess  of  carbonate  of  ammonium  mixed  with  ammonia.  If  a pre- 
cipitate is  produced,  it  is  carbonate  of  calcium.  Collect  the  precipi- 
tate upon  a filter,  redissolve  it  in  a small  quantity  of  hydrochloric 
acid,  neutralize  with  ammonia,  and  test  with  oxalate  of  ammonium  ; 
if  a white  precipitate  is  produced,  lime  is  present. 

If  to  the  liquor  filtered  from  the  precipitate  produced  by 
boiling  with  carbonate  of  ammonium  mixed  with  ammonia,  the 
further  addition  of  phosphate  of  sodium  produces  a white  precipi- 
tate, it  is  magnesia. 

POTTERS'  ORE.  See  GALENA  AND  AlQ,TJTF0T7X. 

pounxa.  See  Borax. 

PRINCE  RUPERT’S  JVTETAIi.  See  BRASS. 

Prussian-  BliUE. — The  Prussian  blue  of  commerce  is 
seldom  pure  ; it  generally  contains  hydrate  of  alumina,  or  basic  salts 
of  aluminum  and  iron  ; it  is  also  frequently  adulterated  with  starch, 
and  with  carbonate  of  calcium. 

With  respect  to  alumina,  its  presence  could  hardly  be  called 
an  adulteration,  because  formerly  a certain  quantity  was  always 
added  in  order  to  saturate  the  free  alkali  employed  in  the  manu- 
facture, and  the  precipitated  alumina  does  not  interfere  with  the 
colour,  at  least  to  the  same  extent  as  peroxide  of  iron,  which 
would  be  precipitated  by  the  alkali  and  give  a green  hue  to  the 
product.  Prussian  blue,  however,  being  always  prepared  now 
with  ferrocyauide  of  potassium,  the  addition  of  alum  is  perfectly 
unnecessary,  except  as  a means  of  augmenting  the  weight  of  the 
pigment. 

Prussian  blue  can  be  purified  by  first  pulverizing  it,  and  digest- 
ing it  in  dilute  hydrochloric  acid  for  about  forty-eight  hours,  and 
pouring  a large  quantity  of  water  upon  the  mass.  The  I russian 
blue  remains  insoluble,  whilst  all  the  other  salts  with  which  it  ^as 
mixed  are  taken  up  by  the  acid  and  remain  iu  solution  in  the 
supernatant  liquor,  which  should  be  decanted,  and  replaced  by  a 
fresh  quantity  of  water,  and  so  on,  until  a few  drops  of  water  on 
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being  evaporated  leave  no  residuum.  Distilled  water  must  be 
..used,  because  if  common  water  containing  bicarbonate  of  calcium 
< in  solution  were  employed,  a portion  of  the  Prussian  blue  would 
: be  decomposed  into  oxide  of  iron  and  ferrocyanide  of  calcium, 
which,  being  soluble,  would  be  washed  away. 

Prussian  blue  may  also  be  purified  by  dissolving  a given  weight 
of  it  in  concentrated  sulphuric  acid,  or  in  hydrochloric  acid,  and 
pouring  the  solution,  drop  by  drop,  in  a large  quantity  of  water ; 
t the  pure  Prussian  blue  precipitates,  whilst  the  other  salts  remain 
in  solution  in  the  water.  The  Prussian  blue  is  then  collected 
upon  a filter,  washed  and  dried  in  an  oven  at  between  212  and 
230°  Fahr.,  until  it  no  longer  diminishes  in  weight. 

Prussian  blue  is  known  to  contain  starch  by  boiling  a portion 
of  it  in  water,  which  will  thicken  into  a paste. 

The  colouring  power  of  Prussian  blue  may  also  be  tested  by 
. grinding  a given  weight  of  it  with  twenty-five  or  thirty  times  its 
weight,  or  a larger  proportion  still,  of  white  lead  and  oil,  and 
comparing  the  colour  which  is  thus  yielded  with  that  produced  by 
a same  weight  of  genuine  Prussian  blue  treated  in  the  same 
: manner. 

The  characteristics  of  good  Prussian  blue  are  lightness,  a deep, 
fine,  blue  colour,  with  a coppery  hue;  it  should  adhere  very 
strongly  to  the  tongue,  and  should  not  effervesce  when  treated  by 
i acids,  nor  thicken  when  boiled  in  water. 

PRUSSIATE  or  POTASH.  See  FeRROCYARIDE  OE  PO- 
TASSIUM. 

PYROLIGNEOUS  ACID.  See  VlNEGAR. 

quicksilver.  See  Mercery. 

QUININE  (Sulphate  of  Quinine). — Sulphate  of  quinine  is 
prepared  principally  from  the  yellow  or  Calysaya  bark  (see  Peru- 
vian Bark),  by  the  action  of  sulphuric  acid  upon  quinine. 

Sulphate  of  quinine  is  in  small,  silky,  flexible  tufts,  or  needles, 
somewhat  resembling  asbestos,  and  has  an  excessively  bitter 
taste,  sparingly  soluble  in  cold  water  (1  part  in  749  cold 
water),  soluble  in  30  parts  of  boiling  water,  very  soluble  in  alcohol, 
especially  in  hot  alcohol,  and  in  ether.  Ibis  salt  effloresces  by 
exposure ; when  heated  it  fuses  like  wax,  and  at  a temperature  of 
2120  Fahr.  it  becomes  phosphorescent,  especially  by  friction. 

The  solution  of  sulphate  of  quinine  (when  not  too  dilute)  is 
precipitated  by  potash,  soda,  and  ammonia,  in  the  state  of  a floe- 
culent  white  precipitate,  whiph  is  hydrate  of  quinine,  which  is 
only  very  sparingly  soluble  in  an  excess  of  the  precipitant.  An 
excess  of  ammonia,  however,  redissolves  partially  the  precipitate. 
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Tartaric,  oxalic,  and  gallic  acids,  and  the  soluble  salts  of  these 
acids,  and  also  the  infusion  of  galls,  produce  in  the  solution  of 
sulphate  of  quinine  a precipitate  which  is  soluble  in  an  excess  of 
acid. 

Bicarbonate  of  sodium  (according  to  Dr.  Fresexitts)  immedi- 
ately precipitates  a concentrated  solution  of  sulphate  of  quinine, 
and  in  dilute  solutions  a precipitate  is  produced  by  that  reagent 
in  the  course  of  a quarter  of  an  hour,  especially  by  stirring  the 
liquor  briskly. 

This  very  important  article  is  sometimes  adulterated  by  admix- 
tures of  gum,  sugar,  starch,  chalk,  sulphate  of  barium,  boracic  acid 
stearine,  sulphate  of  cinchonine,  salicine,  &c. 

These  frauds  may  be  recognized  in  the  following  manner : — 

If  the  sulphate  of  quinine  under  examination  contain  any 
earths,  such  as  chalk,  sulphate  of  calcium,  &c.,  their  presence  may 
be  detected  by  incinerating  a portion  of  the  sample,  which  will 
leave  the  earths  in  the  state  of  fixed  ashes,  the  weight  of  which 
majr  then  be  directly  ascertained.  Pure  sulphate  of  quinine  should 
not  leave  a trace  of  residue  ; or,  as  sulphate  of  quinine  is  soluble 
in  alcohol,  a portion  of  the  suspected  sulphate  of  quinine  may  be 
treated  by  this  menstruum,  which  will  take  up  the  sulphate  of 
quinine  (and  of  cinchonine,  also  the  salicine  if  present),  but  will 
leave  all  the  earthy  impurities,  stearine,  gum,  and  starch  in  an  in- 
soluble state  ; these  impurities  may  then  be  separated  by  filtering, 
and  weighed. 

If  any  stearine,  or  stearic  acid,  has  been  mixed  with  sulphate 
of  quinine,  treat  a portion  of  the  sample  with  water  acidified  with 
sulphuric  acid;  the  sulphate  of  quinine  will  dissolve,  and  the 
stearine  will  be  left  in  an  insoluble  state  floating  on  the  surface  of 
the  liquid ; if  heat  be  now  applied,  the  stearine  will  agglomerate 
into  small  transparent  drops,  which,  on  cooling,  become  solid  and 
opaque. 

The  presence  of  sugar  may  be  detected  by  the  odour  of  burnt 
sugar,  which  is  evolved  on  burning  a portion  of  the  suspected 
article  upon  a strip  of  platinum  foil.  A more  certain  method, 
however,  consists  in  dissolving  a given  weight  of  the  sulphate  of 
quinine  in  water,  and  adding  baryta  thereto,  which  will  precipitate 
both  the  sulphuric  acid  and  the  quinine.  The  liquor  should  then 
be  filtered,  or  a current  of  carbonic  acid  should  be  passed  through 
the  filtrate,  in  order  to  precipitate  the  excess  of  baryta  in  the 
liquor.  The  precipitate  formed  being  separated  b'y  filtering,  the 
sugar  alone  remains  in  solution  in  the  liquor,  and  may  then  be 
easily  detected  by  its  sweetness,  especially  after  concentrating  the 
filtrate. 
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The  presence  of  sugar  and  of  gum  may  also  be  detected  by 
dissolving  a given  weight  of  the  sample  in  water,  and  adding  car- 
bonate of  potassium,  which  precipitates  the  quinine  (and  cincho- 
nine) ; the  precipitate  may  be  collected  on  a filter,  dried,  and 
weighed.  The  sugar  and  gum  remain  in  solution  with  the  sul- 
phate of  potassium  produced  from  the  decomposition  of  the  car- 
bonate of  potassium  employed,  and  with  any  salicine  that  may  be 
present.  By  evaporating  the  solution,  the  presence  of  sugar  will 
be  recognized  by  the  sweet  taste  of  the  solution;  if  bitter,  salh- 
cine  is  present,  and  may  be  detected,  as  will  be  shown  presently. 
The  solution  should  now  be  evaporated  to  dryness  at  a gentle  heat, 
and  the  residuum  being  treated  with  spirits  of  wine,  the  sugar  will 
be  dissolved,  but  the  gum  and  sulphate  of  potassium  will  remain  in 
an  insoluble  state.  Filter  in  order  to  separate  the  sugar,  and  pour 
hot  water  on  the  insoluble  residuum,  which  will  then  be  redis- 
solved ; test  that  aqueous  solution  with  persulphate  of  iron  ; gum, 
if  present,  will  at  once  be  precipitated  in  the  form  of  a yellow 
. gelatinous  precipitate. 

Starch  may  be  detected  by  boiling  a portion  of  the  sample  with 
water,  and  allowing  the  whole  to  become  quite  cold.  Test  the 
cold  decoction  with  aqueous  solution  of  iodine ; if  a blue  or  nearly 
black  colour  is  produced,  starch  is  present. 

All  organic  substances — starch,  gum,  sugar , stearine,  See. — mixed 
with  sulphate  of  quinine,  may  be  readily  detected  b}r  pouring  a 
few  drops  of  concentrated  sulphuric  acid  upon  two  or  three  grains 
of  the  suspected  sulphate,  previously  placed  in  a small  porcelain 
capsule.  The  pure  sulphate  of  quinine  is  immediately  dissolved, 
but  the  starch,  gum,  or  sugar  will  be  charred,  and  the  stearine  left 
in  an  insoluble  state;  but  even  the  stearine  becomes  charred  by 
applying  heat,  whilst  sulphate  of  quinine  is  not  altered  by  the 
treatment  which  converts  it  into  bisulphate  of  quinine. 

If  salicine  be  present,  the  addition  of  concentrated  sulphuric 
acid  will  produce  a deep  blood-red  colour.  This  property  of 
being  coloured  red  by  sulphuric  acid  belongs  also  to  other  bitter 
principles  ; and,  moreover,  we  should  remark  that  this  reaction 
takes  place  only  when  the  proportion  of  salicine  mixed  with  the 
sulphate  of  quinine  is  somewhat  considerable ; for  when  under 
10  per  cent,  a brown  colour  only  is  produced  by  treatment  with 
concentrated  sulphuric  acid,  just  as  if  an  ordinary  organic  matter 
was  present.  M.  Pelletier  directs,  to  dissolve  the  suspected  sample 
in  six  times  its  weight  of  concentrated  sulphuric  acid,  and  then  to 
dilute  the  whole  with  12  parts  of  water,  which  will  precipitate 
the  salicine  in  a colourless  state,  after  which  it  may  then  be 
identified  by  the  red  colour  which  is  produced  by  treatment  with 
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concentrated  sulphuric  acid,  as  above  mentioned ; or,  a portion  of 
the  sample  may  be  dissolved  in  water,  and  filtered  if  needful ; 
hydrochloric  acid  is  then  added,  and  the  mixture  is  boiled  for 
some  time.  If  a precipitate  be  produced,  it  is  salicine ; collect  it 
on  a filter,  and  confirm,  by  treatment  with  concentrated  sulphuric 
acid. 

The  presence  of  sal  ammoniac,  or  other  ammoniacal  salts,  is 
detected  in  sulphate  of  quinine  by  the  odour  of  ammonia,  which  is 
evolved  when  a portion  of  the  sample  is  triturated  with  caustic 
potash. 

Detection  of  the  Associated  Alkaloids  of  Quinia  (Cinchonia,  Cin- 
chonidine,  and  Quinidiue.) — Ten  grains  of  the  sulphate  of  quinine 
are  agitated  in  a narrow  test-tube  with  a mixture  consisting  of  one 
drachm  by  weight  of  pure  ether  and  io  drops  of  strong  ammonia, 
and  then  allowed  to  rest.  The  liquid  should  after  a while  form 
two  separate  colourless  and  transparent  layers,  without  any  white 
or  crystalline  matter  floating  at  the  line  of  contact  between  the 
two  strata ; such  an  appearance  would  indicate  the  presence  of  the 
above  associated  alkaloids. 

Ten  grains  of  the  sulphate  of  quinine  are  dissolved  in  a test- 
tube  in  one  fluid  drachm  of  distilled  water  and  8 or  io  drops  of 
diluted  sulphuric  acid  : then  fluid  drachms  of  ether,  3 drops  of 
alcohol,  and  40  drops  of  a solution  of  1 part  of  caustic  potash  in  12 
parts  of  water,  are  added.  The  test-tube  is  corked,  agitated,  and 
allowed  to  stand  for  12  hours.  When  pure,  the  two  fluid  strata  and 
the  line  of  their  contact  will  be  clear  and  transparent  ; but  even  if 
traces  of  cinchonia  and  cinchonidine  are  present,  they  will  be  seen 
floating  as  a white  cloud  at  the  line  of  separation  between  the  two 
strata.  When  cinchonidine  is  the  only  impurity  it  will  appear  at 
the  line  of  contact  as  an  oily-like  stratum,  consisting  (when  mag- 
nified) of  minute  amorphous  particles,  while  cinchonia  appears 
crystalline. 

RED  leas  (iMCinium.) — This  is  a heavy  orange-red  powder, 
which  becomes  dark  when  heated,  but  regains  its  original  colour 
on  cooling.  Heated  on  charcoal  before  the  blow-pipe,  it  fuses,  and 
is  reduced  to  metallic  globules. 

Warm  diluted  nitric  or  acetic  acid  dissolves  red  lead  only 
partially,  leaving  a brown  residue,  which  is  soluble  on  the  addition 
of  oxalic  acid.  A slight  remaining  turbidity  is  due  to  silicia  acid, 
with  which  red  oxide  of  lead  is  generally  more  or  less  con- 
taminated. 

lied  lead  is  occasionally  adulterated  by  earthy  substances,  such 
as  brick-dust,  red  ochre,  or  colcothar.  These  impurities  may  be 
easily  separated  and  their  amount  determined  by  boiling  lor  some 
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time  a known  weight  of  the  red  lead  with  sugar  and  water,  with 
the  addition  of  a small  quantity  of  nitric  acid  ; the  hinoxide  of  lead 
becomes  thereby  converted  into  protoxide,  which  dissolves  in  the 
acid ; while  the  impurities  remain  insoluble,  and  may  he  separated 
by  filtering.  They  are  then  washed,  dried,  and  weighed. 

As  red  lead  is  produced  from  litharge,  it  may  contain  all  the 
impurities  of  the  latter — namely,  copper  and  silver.  The  pre- 
sence of  these  substances  in  certain  manufactures  is  very  objec- 
tionable. This  is  especially  the  case  with  that  of  crystal , to 
which  these  oxides  would  impart  a colour.  The  copper  and  silver 
may  be  detected  and  estimated  exactly  in  the  manner  described  in 
the  article  on  Litharge. 

RED  OXIDE  or  MERCURY.  See  MERCURY. 

RED  PRECIPITATE.  See  MERCURY. 

RHUBARB. — Rhubarb  is  the  root  of  a plant,  of  which  there 
are  several  varieties.  According  to  Dr.  G-oebe,  that  rhubarb 
which  is  usually  obtained  in  the  druggists’  and  apothecaries’  shops 
comes  from  China,  and  two  species  of  Chinese  rhubarb  are  known 
in  trade.  The  one  is  termed  Russian-Moscovian,  or  Siberian 
rhubarb;  the  other  East  Indian,  Chinese,  Danish,  Dutch,  &c., 
rhubarb. 

Russian  rhubarb  is  decidedly  superior  to  East  Indian.  It  is 
sound  throughout;  hut  it  is  mere  fiction  to  assert  that  it  may  he 
distinguished  by  the  peculiar  form  of  the  pieces,  and  that  each 
single  piece  is  pierced  with  holes,  as  is  now  and  then  pretended. 
In  the  chests,  pieces  large  and  small,  flat  and  round,  angular, 
pierced,  some  bearing  the  marks  of  the  borer,  and  also  some  per- 
fectly free  from  such  marks,  are  mixed  together.  They  are  of  a 
yellowish-red  colour,  and,  when  broken,  present  the  well-known 
beautiful  red-and-white  marble  appearance. 

East  India  rhubarb  is  an  assemblage  of  good  and  bad  species, 
which  even  if  they  be  sound  and  well  preserved  essentially  differ 
from  Russian,  from  the  circumstance  that  they  are  not  severally 
selected  and  pared  again  as  are  the  Russian,  and  by  which  process 
all  foreign  matter  is  separated  from  the  latter,  together  with  the 
last  remains  of  the  cuticular  substance. 

Russian  and  Turkey  rhubarb  are  identical  articles ; the  best 
pieces,  are,  as  above  observed,  in  roundish  lumps  perforated  with  a 
hole,  of  a yellow  colour  outside,  and  when  broken  the  inside  has  a 
mottled  appearance.  Good  rhubarb  should  be  firm,  compact,  and 
heavy;  porous  pieces  are  bad,  or  very  inferior.  The  Chinese 
rhubarb  is  in  flat  pieces,  seldom  perforated,  and  its  taste  and 
odour  are  stronger  than  the  other.  It  is  also  heavier,  and  when 
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pulverized  the  powder  is  redder  than  that  of  the  Russian 
rhubarb. 

Rhubarb  in  the  lump  may  he  of  had  quality,  hut  is  not  subject 
to  adulteration ; this  is  not  the  case,  however,  when  pulverized, 
for  the  powder  is  often  mixed  with  gamboge.  This  sophistication 
may  be  readily  detected  by  digesting  a portion  of  the  powder  in 
ether,  and  pouring  a few  drops  of  the  solution  in  water.  If 
gamboge  is  present,  a film  of  an  opaque  yellow  colour  will  be 
observed  floating  on  the  surface,  which  on  adding  potash  is  dis- 
solved with  an  intensely  red  colour. 

RESIN*  (coiophonium). — Common  resin  is  the  residuum  left 
in  the  still  after  the  distillation  of  the  different  species  of  turpen- 
tine. If  the  distillation  he  carried  to  dryness,  the  resin  is  called 
common  brown  resin,  or  coiophonium ; in  the  contrary  case  it  is 
yellow.  The  latter,  or  yellow  resin  is  more  soft  or  ductile,  owing 
possibly  to  a small  quantity  of  oil  (resin-oil)  which  it  retains ; it 
is  generally  preferred  and  fetches  a somewhat  higher  price,  but  it 
is  seldom  genuine,  that  is,  frequently  it  is  only  the  common 
brown  resin  which  has  been  rendered  yellow  by  an  admixture  of 
water.  It  is  sufficient  to  boil  the  brown  resin  in  water  for 
some  time,  to  convert  it  into  yellow  resin.  Brown  resin  may 
thus  imbibe  a good  deal  of  water  in  a few  minutes.  This  adul- 
teration is  detected  by  exposing  the  yellow  resin  to  a dry  steam- 
heat  for  four  or  five  hours ; the  genuine  yellow  resin  remains 
unaltered,  whilst  that  which  has  been  mixed  with  water,  by  losing 
it  returns  to  the  state  of  brown  resin. 

ROCOU.  See  Annotto. 

ROMAN*  ALUM.  See  AlTTM. 

ROMAN  VITRIOL.  See  SULPHATE  OF  COPPER. 

ROUGE  VEGETAL.  See  SAFFLOWER. 

RUM.  See  Brandy. 

SAFFLOWER  (Bastard  Saffron,  Saffranon,  Cartha- 

mus). — Safflower  is  in  flat  cakes,  and  has  the  same  appearance  as 
saffron  (from  which,  however,  it  is  readily  distinuished  by  simple 
inspection),  but  it  has  neither  the  taste  nor  odour  of  saffron. 

Safflower  contains  two  colouring  matters,  the  one,  which  is 
yellow,  is  soluble  in  water ; the  other  is  red,  and  is  extracted  by 
carbonated  alkali  and  citric  acid. 

The  best  safflower  comes  from  India. 

Good  safflower  should  yield  about  5 Per  cent,  of  red  colour- 
ing matter ; that  which  is  met  with  in  commerce  in  the  liquid  state, 
under  the  name  of  extract  of  safflower,  or  of  rouge  vegetal,  is 
generally  mixed  with  finely  pulverized  talc.  The  red  colour  is 
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extracted  by  first  treating  the  safflower  with  cold  water  for  a long 
time,  in  order  to  remove  the  yellow  colour  5 the  washing  must  he 
continued  until  the  water  passes  colourless  through  a filter,  and  hy 
treating  it  afterwards  with  alcohol  the  red  colour  is  taken  up,  and 
may  be  isolated  hy  evaporating  the  alcohol. 

Or,  after  having  removed  the  yellow  colouring  matter,  the 
red  colour  may  he  extracted  hy  macerating  the  safflower  for 
an  hour  or  two  in  its  own  weight  of  water,  containing  one- 
tenth  of  its  weight  of  carbonate  of  sodium.  The  liquor,  which 
should  have  a very  brown  colour,  should  he  separated  by  squeez- 
ing the  macerated  safflower.  Skeins  of  cotton  should  then  he 
immersed  in  the  liquor,  and  either  lemon-juice,  or  a solution  of 
citric  acid,  or  of  tartaric  acid,  being  added  in  sufficient  quantity  to 
saturate  the  alkali,  the  liquor  becomes  red,  and  the  red  matter 
(carthamic  acid)  becomes  soon  fixed  on  the  cotton,  mixed  with  a 
little  yellow  colouring  matter,  which  is  subsequently  removed  by 
washing  with  water.  The  cotton  thus  treated  should  now  he 
plunged  into  a bath,  consisting  of  20  parts  of  water  and  2 parts 
of  carbonate  of  soda ; the  cotton  becomes  immediately  decolour- 
ized, and  after  having  withdrawn  and  squeezed  it,  the  red  colour 
is  precipitated  by  pouring  lemon-juice  into  the  said  bath. 

According  to  Dumas,  the  best  method  of  testing  safflower  con- 
sists in  taking  a weighed  sample  of  the  safflower,  washing  it,  and 
treating  it  with  carbonate  of  sodium,  as  above  said,  precipitating 
the  red  colouring  matter  upon  a known  weight  of  skeins  of  cotton, 
and  comparing  the  depth  or  intensity  of  the  colour  thus  obtained 
with  other  portions  of  skeins  of  cotton  of  a same  weight,  dyed 
with  a same  weight  of  safflower,  of  a known  quality,  or  with 
various  samples  of  safflower,  by  which  their  comparative  value 
may  be  ascertained. 

sapfranon.  See  Safflower. 

saffron  (crocus). — Saffron  is  met  with  in  commerce 
usually  in  round  flat  cakes  (Persian  saffron  is  in  cakes  of  from  nine 
to  twelve  inches  in  diameter,  and  from  one  half  to  three-quarters 
of  an  inch  in  thickness),  which  are  formed  of  the  stigmata  and 
styles  of  the  Crocus  sativus,  and  contain  a yellow  colouring  matter 
of  great  intensity,  soluble  in  water.  Saffron  was  originally  im- 
ported from  Persia,  but  it  is  now  imported  also  from  the  Continent, 
and  is  prepared  besides  to  a certain  extent  in  England  (Cam- 
bridgeshire;. English  saffron  fetches  a higher  price.  The  fila- 
mentous petals  of  Persian  saffron  are  much  larger  than  those  of 
European  saffron,  and  they  are  at  the  same  time  darker  and  less 
imbued  with  flavour  and  colouring  matter. 
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Good  saffron  is  in  long,  flexible  filaments  of  a red  colour  ; it 
bas  a peculiar  aromatic,  agreeable,  pungent  odour,  and  a warm, 
somewhat  bitter  taste.  The  cakes  should  feel  a little  moist,  of  a 
close  texture,  and  stain  the  fingers.  That  which  contains  but  few 
stamina , which  are  easily  recognised  by  their  anthera  and  fine 
yellow  colour,  is  the  best.  If  the  cakes  have  a brown  or  a pale 
yellow  colour,  feel  unctuous  or  clammy,  it  is  a sign  that  they  are 
too  old,  or  of  bad  quality,  and  should  be  rejected. 

The  price  of  saffron  being  always  high,  it  is  often  adulterated 
to  a great  extent  by  an  admixture  of  other  plants,  such  as  the 
petals  of  safflower,  and  other  substances.  This  adulteration  is 
detected  by  boiling  a portion  of  the  sample  in  water,  and  comparing 
the  fibres  with  those  of  a portion  of  genuine  saffron  treated  in  the 
same  manner. 

The  relative  colouring  power  of  the  article  may  serve  also  as  a 
criterion  of  its  goodness.  The  experiment  is  performed  with  the 
colorimeter,  exactly  as  described  in  the  articles  on  Madder  and 
Indigo. 

Sometimes  saffron  which  has  been  partially  deprived  of  its 
colouring  matter  by  infusion  is  dried  and  again  offered  for  sale. 
Such  saffron  is  recognizable  by  its  dull  red  colour,  which  is  uniform 
all  through,  and  by  its  odour,  which  is  much  fainter.  It  scarcely 
imparts  a yellow  colour  to  water  or  saliva. 

SAFFRON  (Bastard).  See  SAEELOWER. 

SAL  AIYTIVIOI\riAC  (muriate  of  Ammonia,  Hydrochlo- 
rate of  Ammonia,  Chloride  of  Ammonium). — Sal  ammoniac 
as  met  with  in  commerce  is  in  the  shape  of  colourless,  translucent 
cakes,  concave  on  one  side  and  convex  on  the  other : or  in  conical 
crystalline  and  white  masses,  hard  and  somewhat  elastic,  and 
consequently  difficult  to  pulverize  ; this  salt  is  inodorous,  but  has 
a bitter,  acrid  taste.  When  pure  it  crystallizes  from  its  solu- 
tion in  octahedral,  cubic,  and  plumose  crystals.  Its  specific 
gravity  is  1-45.  It  is  unalterable,  or  very  slightly  deliquescent  in 
the  air ; soluble  in  three  parts  of  cold,  and  in  about  its  own 
weight  of  boiling  water  ; it  is  completely  soluble  in  alcohol.  In 
dissolving  in  water  it  produces  cold ; it  is  fused  and  volatilized 
without  decomposition  by  heat. 

Impurities. — Sal  ammoniac  generally  contains  but  few  im- 
purities, which  consist  principally  of  a little  Sulphate  of  Am- 
monium, Chloride  of  Sodium,  Sulphate  of  Sodium , and  Sulphate  of 
Magnesium.  Sometimes  also  it  contains  some  iron  or  lead : the 
first  being  derived  from  the  volatilization  of  a little  chloride  of 
iron,  with  which  it  combines  to  form  a double  chloride  of  iron 


SHELLAC. 


331 


and  of  ammonium.  The  second  substance  (the  lead)  comes  from 
the  contact  of  the  cake  of  sal  ammoniac  with  the  lead  dome  or 
dever,  against  the  sides  of  which  it  gradually  condenses. 

Sulphate  of  Ammonium  is  detected  by  dissolving  a portion  of 
the  sal  ammoniac  in  pure  water,  and  testing  the  solution  with  one 
of  chloride  of  barium,  which  (if  sulphate  of  ammonium  or  any  other 
soluble  sulphate  be  present)  will  produce  a white  precipitate  of 
sulphate  of  barium. 

The  other  impurities  are  easily  detected,  because  they  are 
fixed  5 and  therefore,  by  heating  a portion  of  the  sal  ammoniac  to 
redness  in  a platinum  crucible,  the  impurities  will  be  left  behind. 

If  it  be  desired  to  identify  the  presence  of  iron  and  of  lead, 
it  may  be  done  by  dissolving  a portion  of  the  sal  ammoniac  in 
water,  and  dividing  it  into  two  portions,  to  one  of  which  a little 
nitric  acid  is  first  added ; and  if  by  pouring  a drop  or  two  of  ferro- 
cyanide  of  potassium  a blue  precipitate  is  produced,  it  indicates 
the  presence  of  iron.  The  presence  of  lead  is  detected  by  passing 
a current  of  sulphuretted  hydrogen  through  the  second  portion, 
which  produces  a black  precipitate  of  sulphide  of  lead. 

The  aqueous  solution  of  pure  sal  ammoniac  should  have  no 
action  whatever  upon  test-papers  ; it  should  not  be  prdbipitated  or 
discoloured  by  either  sulphuretted  hydrogen  or  hydrosulphuret  of 
ammonia,  nor  by  a solution  of  phosphate  of  sodium  and  ammonia. 
It  should  completely  volatilise  by  ignition,  and  if  before  the  com- 
plete volatilization  of  the  salt  an  abundant  residuum  of  charcoal 
be  observed,  it  is  a proof  of  the  presence  of  organic  matter. 

SAl  PRUNELLA.  See  NlTKE. 

SALTPETRE.  See  NlTRATE  OE  POTASSIUM. 

salt  (common-).  See  Chloride  of  Sodium. 

SEIDLITZ  SALTS.  See  SULPHATE  OF  MAGNESIUM. 

seed-lac.  See  Shell-lac. 

shellac  (Gum-lac). — Lac,  stick-lac,  seed-lac,  and  shell-lac, 
are  the  names  of  a substance  obtained  from  incrustations  made  by 
an  insect  ( Coccus  lacca ) similar  to  the  cochineal  on  the  branches 
and  twigs  of  several  trees  in  India.  The  lac  is  formed  by  the 
insect  into  cells,  somewhat  similar  to  a honey-comb,  but  differently 
arranged,  and  in  which  the  insect  itself  is  generally  found  entire  ; 
and  owing  to  the  presence  of  which  stick-lac  may  be  made  to 
yield,  by  proper  treatment,  a red  dye  nearly,  if  not  quite  as  bright 
as  that  obtained  from  cochineal,  and  more  permanent. 

Lac  containing  fragments  of  branches  and  other  detritus  is 
called  stick- lac.  The  best  stick-lac,  when  held  against  the  light, 
is  semi-transparent. 
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The  colouring  matter  is  extracted  from  sticlt-lac  by  grinding  or 
pounding  it  into  coarse  powder,  which,  after  treatment  with 
water,  constitutes  the  seed-lac  of  commerce. 

Shellac  is  made  from  either  stick-lac  or  shellac,  in  the  follow- 
ing manner  : — The  seed-lac,  or  stick-lac,  previously  reduced  into 
coarse  powder,  is  mixed  with  about  15  per  cent,  of  an  Indian 
resin  called  dammar,  hut  more  frequently,  and  we  might  say 
almost  generally,  with  common  yellow  resin,  exported  from  Eng- 
land to  India,  and  the  mixture  is  then  put  into  a small  calico  bag, 
about  2 inches  in  diameter,  and  about  2 feet  or  feet  in  length. 
The  bag  is  held  over  a charcoal  fire,  and  as  soon  as  the  contents 
have  sufficiently  softened,  the  bag  is  twisted,  and  the  lac,  oozing 
through  the  meshes  of  the  calico,  is  scraped  off  with  the  blade  of 
a long  knife,  and  whilst  yet  hot  and  soft  it  is  scraped  from  the 
knife  against  the  stem  of  a plantain-tree,  and  flattened  thereon 
with  the  stalk  of  a leaf  of  the  same  tree  ; when  cold,  the  shell 
or  plate  of  lac  is  easily  detached  from  the  stem  of  the  tree,  and 
this  constitutes  shellac.  The  thinness  of  shellac  depends  on  the 
degree  of  pressure  and  of  fluidity  of  the  lac,  and  the  shellac 
exhibits  generally  on  one  side  the  marks  of  the  stem  of  the  tree 
on  which  it  has  been  flattened. 

Shellac  is  packed  in  India  in  strong  wooden  chests,  but  during 
the  journey  to  England  the  temperature  in  the  hold  of  the  ship  is 
often  sufficient  to  soften  the  pieces  of  shellac,  which  then  adhere 
together,  so  as  to  convert  the  contents  of  a chest  into  one  solid 
lump  of  lac.  Shellac  which  has  thus  agglomerated  is  known 
under  the  name  of  lump-lac.  The  quality  and  usefulness  of  the 
lac  is  not  thereby  deteriorated  or  diminished  in  the  slightest 
degree,  though  the  commercial  value  of  such  lac  is  singularly 
depreciated,  sometimes  to  a considerable  extent. 

Thin,  transparent,  and  orange-coloured  shellac  is  the  best ; the 
next  quality,  which  is  almost  as  highly  prized,  is  ruby  shellac; 
then  comes  the  liver  shellac,  so  called  from  its  brownish  colour. 
Ruby  shellac  is  much  harder  than  either  orange  or  liver  shellac, 
and  contains  much  less  dammar  or  resin ; it  makes,  accordingly,  a 
harder  varnish,  of  a bright  mahogany  colour.  Orange  shellac 
contains  a large  portion  of  dammar,  and  fuses  almost  like  wax. 

When  shellac  breaks  with  a dull  fracture  and  with  ragged 
edges,  it  has  been  overdosed  with  resin.  Good  shellac,  on  break- 
ing, should  snap  with  a clear  sound,  and  the  edges  should  have  a 
smooth,  horny  appearance,  like  strong  glue.  "When  a handful  of 
shellac  is  poured  from  one  hand  to  the  other,  or  back  again  into 
the  chest,  the  noise  produced  should  be  clear  and  sharp.  I he 
thickness  or  thinness  of  shellac  is  no  criterion,  either  of  good  or 
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of  bad  quality ; nevertheless,  orange  shellac,  from  its  greater 
fusibility,  is  generally  in  exceedingly  thin  flakes,  and  the  best 
ruby  shellac  is  in  roundish  pieces  about  2\  inches  in  diameter,  and 
is  then  known  under  the  name  of  button  shellac  j it  exhibits  also 
the  marks  of  the  plaintain-tree  on  one  side,  which  orange  shellac 
seldom  does.  Liver  shellac  is  in  thicker  flakes  than  orange  shellac, 
but  is  thinner  than  button  shellac. 

Stick-lac,  seed-lac  (except  the  impurities,  such  as  fragments  of 
branches,  and  of  insects),  lump,  and  shellac,  should  completely 
dissolve  in  alcohol,  naphtha,  and  in  alkaline  water.  These  criteria 
are  of  great  importance  ; for  stick-lac,  and  more  especially  seed-lac, 
are  often  adulterated  to  an  incredible  extent. 

SIX.K  See  COTTON. 

silver. — Silver  is  the  whitest  of  all  metals.  When’ it  has 
been  precipitated  from  a solution  by  a metallic  bar — one.  of  copper, 
for  example — it  is  in  the  state  of  a spongy  mass,  consisting  of 
crystalline  grains,  which  may  be  rendered  very  cohesive  by  pres- 
sure or  hammering.  When  melted  and  cooled  slowly,  it  crystal- 
lizes in  voluminous  octahedrons,  or  in  cubes.  Silver  is  odourless 
and  tasteless,  a little  harder  than  gold,  but  less  so  than  copper; 
next  to  gold,  it  is  the  most  ductile  and  the  most  malleable  of 
metals.  Silver  melts  at  about  1873°  Fahr.  When  fused  in  close 
vessels  it  does  not  volatilize,  but  when  exposed  to  a current  of  air 
or  of  gas  it  does  rapidly.  Pure  silver,  when  in  a state  of  fusion, 
may  absorb  twenty-two  times  its  weight  of  oxygen,  but  a small 
proportion  of  copper  is  sufficient  to  prevent  this  absorption.  The 
silver,  on  cooling,  abandons  the  oxygen,  and  in  so  doing  shoots  up 
and  spurts,  producing  a rough  surface,  or  a sort  of  metallic  vegeta- 
tion. The  analysis  of  the  alloys  of  silver  is  made  either  by 
cupellation,  or  in  the  humid  way. 

Estimation  of  Silver  in  Alloys  (wet  method). — The  analysis  of 
alloys  of  silver  by  a solution  of  chloride  of  sodium  may  be  effected 
in  three  different  ways: — 1.  The  silver  may  be  precipitated  by  an 
excess  of  the  alkaline  chloride,  the  weight  of  the  chloride  of  silver 
produced  indicating  the  amount  of  silver.  2.  The  quantity  of 
chloride  of  sodium  in  a given  weight  of  its  aqueous  solution  being 
known,  the  amount  of  silver  in  the  alloy  may  be  ascertained  by 
observing  the  weight  of  the  alkaline  chloride  required  to  precipi- 
tate it  completely.  3.  The  quantity  of  chloride  of  sodium  in  a 
given  volume  of  its  aqueous  solution  being  known,  the  amount  of 
silver  in  the  alloy  may  be  ascertained  by  observing  the  volume 
of  the  solution  of  alkaline  chloride  required  to  precipitate  it.  The 
last  of  these  methods  was  proposed  by  Gay-Lussac  in  1829,  and 
as  it  is  one  of  great  simplicity  and  accuracy  it  is  generally  adopted 
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in  tlie  British,  Continental,  and  American  mints  for  the  assay  of 
bars  and  coins  of  silver.  The  process  is  conducted  in  the  follow- 
ing manner  (Pelouse  and  Fkemt)  : — 

(a.)  Preparation  of  Pure  Silver. — A certain  quantity  of  ordi- 
nary silver  is  dissolved  in  nitric  acid ; should  any  residue  remain, 
it  is  separated  by  decantation,  the  solution  is  diluted  with  water 
and  precipitated  by  slight  excess  of  chloride  of  sodium ; the 
resulting  chloride  of  .silver  having  been  well  washed  and  dried,  is 
reduced  at  a red-heat  in  a Hessian  crucible  with  a mixture  of 
chalk  and  charcoal,  the  proportions  being  70*4  parts  of  chalk,  and 
4'2  parts  of  charcoal  for  every  100  parts  of  dry  chloride  of  silver. 

The  reduced  silver  forms  a button  at  the  bottom  of  the  cru- 
cible ; it  is  removed,  well  washed,  re-dissolved  in  nitric  acid,  the 
solution  again  precipitated  by  common  salt,  and  the  chloride 
again  reduced  by  chalk  and  charcoal ; the  metal  is  now  perfectly 
pure.  It  should  be  reduced  to  a granular  state,  or  rolled  into  thin 
plates  to  facilitate  its  solution  in  nitric  acid. 

(b.)  Preparation  of  a Standard  or  Normal  Solution  of  Chloride 
of  Sodium. — A normal  solution  of  chloride  of  sodium  may  be 
prepared  by  dissolving  5'4i4  grammes  of  the  pure  salt  in  1 litre 
of  distilled  water  at  150  C. ; a decilitre  (100  cubic  centimetres)  of 
this  solution  will  precipitate  exactly  1 gramme  of  pure  silver. 

It  is  better,  however,  to  prepare  the  normal  liquor  from 
ordinary  culinary  salt.  For  this  purpose  200  or  300  grammes 
should  be  dissolved  in  about  2 litres  of  water;  a few  grammes  of 
the  solution  should  be  evaporated  to  ascertain  the  exact  amount 
of  salt  it  contains,  and  the  solution  should  then  be  diluted  with 
such  a quantity  of  distilled  water  as  would  be  required,  supposing 
the  salt  to  be  pure.  1 gramme  of  the  pure  silver  is  dissolved  in 
pure  nitric  acid,  and  the  solution  precipitated  with  the  proper 
precautions  by  100  cubic  centimetres  of  the  saline  solution ; but  as 
the  salt  is  not  pure,  the  quantity  will  not  be  found  sufficient  to 
effect  the  complete  precipitation  of  the  silver,  and  it  will  be 
necessary  to  add  a certain  number  of  cubic  centimetres  of  a deci- 
normal  saline  solution,  the  exact  composition  of  which  is  known. 
The  volume  of  this  solution  which  has  been  required  to  complete 
the  precipitation  of  the  silver  is  noted,  and  a calculation  is  made 
to  ascertain  how  much  of  it  must  be  added  to  the  first  solution  to 
render  it  normal.  The  experiment  should  be  repeated  two  or  three 
times,  to  ensure  accuracy. 

It  is  not,  however,  absolutely  necessary  that  100  cubic  centi- 
metres of  the  saline  solution  should  precipitate  exactly  a gramme 
of  pure  silver ; it  suffices  if  it  approximates  very  closely,  and  that 
the  exact  quantity  of  silver  precipitated  be  known. 
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(c.)  Preparation  of  the  Decinormal  Saline  Solution. — ioo  cubic 
centimetres  of  the  normal  solution  are  poured  into  a flask  of  the 
capacity  of  i litre,  which  is  then  filled  up  with  distilled  water 

Fig.  24. 


and  well  mixed ; it  is  evident  that  a litre,  or  1,000  cubic  centi- 
metres, of  this  solution  will  be  required  to  precipitate  1 gramme 
of  pure  silver ; and  that  one-thousandth  part,  or  1 cubic  centi- 
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metre,  will  precipitate  one-thousandth  part  of  a gramme,  or  I 
milligramme  of  silver. 

(d.)  Preparation  of  the  Decinormal  Solution  of  Silver. — One 
gramme  of  the  pure  metal  is  dissolved  in  5 or  6 grammes  of  pure 
nitric  acid,  and  the  solution  diluted  with  distilled  water  to  exactly 
the  volume  of  1 litre.  The  decinormal  silver  solution  and  the 
decinormal  saline  solution  are  thus  prepared  of  such  strengths, 
that  on  mixing  together  equal  volumes  of  each  neither  nitrate  of 
silver  nor  chloride  of  sodium  remain  in  the  liquor,  hut  nitrate  of 
soda  is  in  solution,  and  chloride  of  silver  precipitated. 

In  laboratories  where  the  wet  assay  of  silver  alloys  is  con- 
stantly going  on,  large  quantities  of  the  normal  saline  solution  are 
prepared  at  once,  and  the  pipette  is  arranged  as  a fixture  in  the 
manner  represented  in  Fig.  24,  where  0 represents  the  reservoir 
containing  the  normal  saline  solution,  and  n a tube  through  which 
air  is  admitted  when  the  apparatus  is  in  use.  The  solution  is 
delivered  from  the  reservoir  through  the  bent  tube  l,  furnished 
with  a stop-cock.  The  pipette  g f is  placed  in  communication 
with  the  bent  delivery-tube  by  the  tube  k,  in  which  a thermo- 
meter is  inserted  ; * is  a stopcock  which  serves  to  establish  a 
communication  between  the  tube  l k and  the  pipette.  The  appa- 
ratus a h is  employed  to  facilitate  the  exact  emptying  of  the 
pipette,  the  tray  c d slides  backwards  and  forwards  between  two 
grooves,  its  motion  in  either  direction  being  limited  by  the  stops  a 
and  h.  As  seen  in  the  figure,  the  assay-bottle  c is  immediately 
under  the  lower  extremity  of  the  pipette,  from  which  the  liquor 
can  be  delivered  without  wetting  the  neck  or  sides  of  the  bottle; 
d is  a small  vessel  for  receiving  the  excess  of  the  saline  solution, 
and  e is  a small  sponge  so  adjusted  that  when  the  tray  is  slid 
along  the  groove  till  it  is  stopped  by  a,  the  sponge  just  touches 
the  lower  extremity  of  the  pipette.  In  order  to  fill  the  pipette, 
its  lower  aperture  is  closed  by  the  finger,  and  the  stopcocks  l and 
i being  opened,  the  solution  enters  from  the  reservoir,  the  air 
escaping  through  an  aperture  in  the  plug  of  the  lower  part  of  plug 
h.  The  pipette  being  filled,  and  the  aperture  closed,  the  finger  is 
removed,  and  the  sponge  brought  in  contact  with  its  point ; the 
plug  h is  now  gently  relaxed,  and  the  liquor  allowed  to  flow  from 
the  pipette  until  the  mark  g is  reached  ; the  plug  is  then  closed, 
and  the  last  drop  having  been  removed  by  the  sponge,  the  burette 
remains  filled  with  exactly  100  cubic  centimetres  of  the  saline 
solution. 

Previous 
it  is 


to  applying  this  process  to  the  analysis  of  silver 
accessary  to  know  approximately  the  value  of  the 
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assay ; that  is,  to  operate  upon  a quantity  containing  nearly  one 
gramme  of  silver ; a tentative  experiment  on  a gramme  of  the 
alloy  with  the  normal  saline  solution  will  give  the  requisite 
information  on  this  point. 

Let  us  suppose,  by  way  of  illustration,  that  a piece  of  French 
silver  coin  is  to  be  examined,  which,  in  order  to  be  of  the  standard 
quality  as  prescribed  by  law,  should  contain  —^ths  of  silver. 
The  quantity  that  should  be  taken  to  represent  i gramme  of 
silver  is  formed  by  the  proportion — 

827  : 1000  : : 1000  : x 
x = 1*115. 

i 'i  1 5 grm.  of  the  alloy  are,  therefore,  dissolved  with  the  aid  of 
a gentle  heat  in  5 or  6 cubic  centimetres  of  pure  nitric  acid,  the 
solution  is  transferred  to  the 
bottle  c,  Fig.  24,  and  the 
charge  from  the  pipette  de- 
livered into  it.  The  bottle 
is  closed  with  its  stopper, 
and  briskly  agitated  for  two 
or  three  minutes ; if  only 
one  or  two  assays  are  being 
made,  this  may  be  done  with 
the  hand,  but  when  several 
samples  are  being  operated 
upon,  the  agitator,  Fig.  25, 
is  employed.  This  consists 
of  a frame  cl,  provided  with  a 
series  of  compartments  e e e, 

&c.,  each  of  which  will  hold 
exactly  one  of  the  bottles ; 
the  frame  is  suspended  from 
the  steel  spring  a b,  between 
two  strong  springs  of  vul- 
canized indiarubber.  The 
stoppers  of  the  bottles  hav- 
ing been  well  secured,  the 
apparatus  is  grasped  by  the 
handle  c d,  and  briskly 
agitated  for  two  or  three 
minutes ; the  chloride  of 
silver  is  soon  completely  precipitated,  leaving  the  supernatant  fluid 
quite  clear.  One  cubic  centimetre  of  the  deci-normal  saline  liquor  is 
now  delivered  into  the  bottle  from  a small  pipette  j this  pipette 
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is  a small  tube  open  at  both  ends,  the  lower  aperture  being 
considerably  contracted;  it  has  two  marks  upon  it  corresponding 
to  1 and  2 cubic  centimetres ; it  passes  through  the  cork,  and 
nearly  to  the  bottom  of  the  bottle  containing  the  deci-normal 
saline  liquor,  so  that  the  requisite  quantity  can  be  easily  withdrawn, 
by  applying  the  finger  to  the  upper  end,  then  removing  it  from  the 
bottle,  and  allowing  the  liquor  to  drop  out  from  the  lower  aperture 
by  relaxing  the  finger  until  the  mark  indicating  1 cubic  centimetre 
has  been  exactly  reached.  Should  the  solution  still  contain  silver, 
it  is  revealed  by  the  formation  of  a white  cloud ; hereupon  the 
bottle  is  again  agitated,  and  a second  cubic  centimetre  of  the  deci- 
normal  saline  solution  introduced.  Suppose  that  3 cubic  centi- 
metres have  in  this  way  been  added,  and  that  the  fourth  no  longer 
produces  a white  cloud,  the  question  arises,  was  the  whole  of  the 
third  cubic  centimetre  required  or  only  part  of  it  ? But  as  this 
question  cannot  be  decided,  one-half  of  the  third  cubic  centimetre 
is  assumed  as  the  real  quantity ; the  error  arising  from  this  arbi- 
trary measure  cannot  amount  to  more  than  half  a millimetre,  since 
1 cubic  centimetre  of  the  deci-normal  saline  liquor  corresponds  to 
1 milligramme  of  silver.  The  result  of  the  assay  then  is  this  : — 
(1)  100  cubic  centimetres  of  the  normal  saline  liquor,  equivalent 
to  1 'ooo  gr.  of  silver ; (2)  2*5  cubic  centimetres  of  the  deci-normal 
saline  liquor,  equivalent  to  2-5  milligrammes  of  silver:  the  quan- 
tity of  alloy  submitted  to  analysis  contains  therefore  1 '000  gr. 
+ 0‘0025  gr.  = 1 ‘002 5 gr.  of  silver.  The  standard  of  the  alloy  is 
therefore  found  by  the  following  proportion  : — 

1*115  : 1000  : : 1000  : x 
x = 0-890,  or-  the  standard  of  the  alloy  is  ^99. . 

Suppose,  however,  that  no  white  cloud  has  arisen  after  the 
introduction  of  the  first  cubic  centimetre  of  the  deci-normal  solu- 
tion ; this  shows  that  the  whole  of  the  silver  has  been  precipi- 
tated by  the  100  cubic  centimetres  of  the  normal  saline  liquor, 
and  that  quantity  has  probably  been  too  much ; to  ascertain  this, 
the  cubic  centimetre  of  the  deci-normal  saline  solution  which  has 
just  been  added  must  be  neutralized  by  1 cubic  centimetre  of 
the  deci-normal  silver  solution,  and  the  liquor  must  be  agitated  till 
clear;  the  operator  then  adds  successive  cubic  centimetres  of  the 
deci-normal  silver  solution  until  a white  cloud  is  no  longer  pro- 
duced. Let  us  suppose  that  a'cloud  ceases  to  make  its  appearance 
on  the  addition  of  the  fourth  cubic  centimetre,  then,  as  before, 
one-half  of  the  third  cubic  centimetre  is  taken  as  representing 
the  real  quantity  that  has  sufficed;  the  rii5  gramme  of  alloy 
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contains  therefore  1-0050  — 0-0025  =0-9975  gramme  of  silver,  and 
the  standard  is  formed  by  the  proportion — 

1-115  : 1000  : : 1000  : x 

x = 0-8946,  which  is  below  the  legal  French  standard,  viz.  0-897. 

Dilatations  and  contractions  are  occasioned  in  the  volume  of 
the  normal  saline  liquor  by  variations  in  temperature,  and  M. 
Gay-Lussac  constructed  a table  of  corrections  to  be  applied.  It 
is  better,  however,  when  a series  of  assays  is  about  to  be  made, 
to  make  at  the  same  time  a standard  assay  with  a gramme  of 
pure  silver  ; the  exact  value  of  the  normal  solution  is  thus  ascer- 
tained, and  all  the  assays  made  on  the  same  day  must  be  cor- 
rected in  accordance  with  the  divergence  from  the  true  value  of 
the  liquor  indicated  by  the  test  experiment. 

If  the  operator  is  working  with  English  weights  and  measures, 
the  solution  of  common  salt  should  be  made  of  such  a strength 
that  1000  grain-measures  of  it  precipitate  exactly  10  grains  of 
silver,  and  the  decimal  solution  of  silver  should  be  prepared  by 
dissolving  10  grains  of  pure  silver  in  nitric  acid,  and  diluting  it 
with  distilled  water  till  the  solution  occupies  the  bulk  of  10,000 
grain-measures  of  water  ; each  10  grain-measures  of  this  solution 
will  therefore  contain  o-oi  grain  of  silver. 

The  only  metal  the  presence  of  which  interferes  with  the 
accuracy  of  this  process  is  mercury — a metal  not  likely  to  be  met 
with  in  silver  alloys  ; if  present,  however,  it  would  be  precipitated 
by  the  chloride  of  sodium  together  with  chloride  of  silver  in  the 
form  of  calomel.  To  avoid  this  inconvenience  Levol  recommends 
to  supersaturate  the  nitric  solution  with  caustic  ammonia,  then 
to  add  the  test-liquor,  and  afterwards  to  supersaturate  the  excess 
of  ammonia  with  acetic  acid ; he  states  that  by  this  modification 
he  is  able,  either  with  the  presence  or  absence  of  copper,  to  esti- 
mate accurately  silver  containing  a tenth  part  its  weight  of  mer- 
cury. Gay-Lussac  simplifies  this  process  by  adding  to  the  nitric 
solution  of  the  alloy  the  ammonia  and  acetic  acid  at  one  and  the 
same  time,  but  in  sufficient  quantity  to  saturate  the  whole  of  the 
nitric  acid,  both  that  in  combination  with  the  silver  and  that  in 
the  free  state.  lie  finds  acetate  of  sodium  to  answer  quite  as  well 
as  acetate  of  ammonium. 

Estimation  of  Silver  in  Alloys  (dry  process). — Cupellation. — 
This  method,  which  is  the  one  usually  adopted  at  Goldsmiths’ 
Hall,  and  by  refiners,  is  founded  on  the  property  possessed  by 
silver  of  being  unoxidizable,  and  nearly  fixed,  at  a red-heat; 
whilst  copper  in  the  presence  of  lead  oxidizes,  and  forms  with  the 
oxide  of  lead  a fusible  glass,  which  passes  into,  and  is  absorbod  by 


340 


SILVER. 


the  cupel,  the  silver  being  retained,  as  it  were,  on  a filter,  in  the 
form  of  a bright  globule  or  button. 

The  cupel,  which  is  best  made  of  a mixture  of  finely  levigated 
ashes  of  birch-wood  and  calcined  bones,  is  thus  prepared : the 
ash,  slightly  moistened,  is  laid  in  a brass  mould  somewhat  deeper 
than  that  of  the  cupel  intended  to  be  made  ; in  this  is  placed  a 
curved  and  polished  steel  pestle,  which  is  then  struck  smartly 
with  a hammer.  The  operator  must  he  careful  to  put  as  much 
ash  into  the  mould  as  is  required  to  make  the  cupel  at  once ; it  is 
otherwise  apt  to  separate  in  layers  when  it  comes  to  be  heated. 
The  little  vessel  thus  made  is  dried  with  great  care,  and  heated 
to  redness  before  it  is  used.  One  part,  by  weight,  of  the  cupel 
absorbs  during  the  process  of  cupellation  the  oxide  formed  by  two 
parts  of  lead.  The  assayist  is  thus  furnished  with  a guide  to  the 
size  of  the  cupel  required  for  any  particular  experiment. 

The  proportion  of  lead  required  varies  with  that  of  the  copper 
in  the  alloys ; it  is  necessary  therefore,  before  proceeding  with  a 
definite  experiment,  to  determine  approximately  the  standard  or 
fineness  of  the  silver.  In  the  case  of  a piece  of  coin  this  is 
generally  tolerably  well  known,  but  in  all  cases  the  fineness  of 
the  silver  should  be  ascertained  by  a cupellation  experiment  with 
crioo  gr.  of  the  alloy  and  I gr.  of  lead ; the  weight  of  the  button 
obtained  furnishes  a sufficiently  close  approximation,  and  from  this 
preliminary  trial  the  quantity  of  lead  which  should  be  added  is 
ascertained  by  reference  to  the  following  table  constructed  by  M. 
D’Arcet.  The  quantity  of  alloy  usually  employed  is  i gramme, 
the  weight  of  the  button  in  milligrammes  indicates  the  standard 
of  the  alloy : thus  a button  weighing  o gr.  900  milligrammes 
represents  an  alloy  of  j—g. 


Table  showing  the  Quantity  of  Lead  required  for  the  Cupellation  of 
various  Alloys  of  Silver  and  Copper. 
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of 
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» 
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Copper 
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. 0 
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• 
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900 

• 
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•200 
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p 
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Quantity  of 
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3 

IO 

Quantity  of  Lead 
in  relation  to 
that  of  Copper 

3 

. 60  to  1 

7 

. 70  to  r 

10 

50  to  1 

12 

. 40  to  r 

14 

- 35  ^ 1 

16  to  17 

. 32  to  X 

16  to  17 
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16  to  17 

. 23  to  I 

16  to  17 

20  to  I 

16  to  17 

18  to  I 

16  to  17 

• 
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Example. — Suppose  a piece  of  silver  of  the  approximative 
fineness  of  5^  is  to  be  analysed.  The  quantity  of  lead  indicated 
in  the  Table,  viz.  7 grammes,  is  placed  in  the  cupel,  which  is  then 
introduced  into  the  muffle,  and  heated  to  bright  redness  in  the 
cupel  furnace.  When  the  lead  is  melted,  and  its  surface  brilliant, 

1 gramme  of  the  alloy  enveloped  in  a piece  of  pure  sheet  lead  is 
introduced  into  the  cupel;  it  soon  enters  into  fusion,  and  the  sur- 
face of  the  liquid  mass,  which  is  at  first  plane,  becomes  by  degrees 
convex ; in  appearance  it  is  now  like  a drop  of  oil.  The  fused 
oxide  of  lead  is  absorbed  rapidly  by  the  cupel,  and  a portion  is 
volatilized  and  makes  its  escape  from  the  muffle  in  the  form  of 
fumes ; when  the  volume  of  the  alloy  is  reduced  to  about  two- 
thirds,  the  cupel  is  advanced  to  the  mouth  of  the  muffle;  the  sur- 
face of  the  button  soon  loses  its  brilliancy,  and  iridescent  bands 
appear  on  its  surface,  which  are  occasioned  by  very  thin  layers  of 
oxide  of  lead.  The  object  of  advancing  the  cupel  to  the  mouth  of 
the  muffle,,  is  to  reduce  the  temperature  of  the  button,  which  at 
this  period  becomes  agitated  with  a rapid  circular  movement;  this 
suddenly  ceases,  and  the  button  having  for  a moment  emitted  a 
bright  flash  of  light,  technically  called  fulguration  or  coruscation , 
becomes  white  and  fixed.  The  button  should  at  the  moment  of 
brightening  be  covered  with  another  cupel  which  has  been  kept 
hot  for  the  purpose  ; a portion  of  the  metal  may  otherwise  be  lost 
by  dispersion,  from  sprouting  or  spitting.  This  phenomenon  ap- 
pears to  arise  from  the  sudden  escape  of  the  oxygen,  which  the 
silver  had  mechanically  absorbed  while  in  the  melted  state  : if  the 
button  has  been  cooled  too  rapidly,  a crust  is  formed  over  the  sur- 
face, while  the  interior  portion  remains  fluid,  and  upon  this  soli- 
difying, the  crust  is  ruptured  by  the  sudden  expansion  of  the 
metal,  and  little  tubes  or  globules  of  the  metal  are  expelled  by  the 
sudden  escape  of  the  gas.  The  cupel,  still  covered,  is  now  re- 
moved from  the  muffle,  and  when  cold  the  globule  is  detached, 
brushed,  and  weighed.  If  the  assay  has  been  a good  one,  it 
adheres  but  loosely  to  the  cupel,  and  its  surface  is  clean,  brilliant, 
and  convex ; but  if  it  has  been  too  strongly  heated,  it  is  removed 
with  difficulty,  and  its  surface  is  dull  and  irregular.  The  adherence 
of  the  button  to  the  cupel,  and  the  flatness  of  its  surface,  may  also 
arise  from  a deficiency  of  lead. 

In  Fig.  26,  A is  the  muffle,  on  each  side  of  which  is  a slit  0 0 ; 
the  size  of  this  muffle  is  in  proportion  to  that  of  the  furnace ; one 
of  a convenient  size  should  be  capable  of  containing  six  or  eight 
cupels.  The  muffle  when  introduced  into  the  furnace  is  so  arranged 
that  while  its  closed  end  is  supported  by  a shelf  of  refractory  brick 
k,  its  open  end  corresponds  exactly  with  the  aperture  il  of  the  fur- 


342 


SILVER. 


nace,  to  the  sides  of  which  it  is  luted  by  a little  moistened  fire- 
clay. The  fuel  (charcoal  or  coke)  is  supplied  through  the  aper- 
ture f)  which  during  the  operation  is  closed  by  the  door  g.  The 
interior  of  the  inutile  is  in  this  way  constantly  traversed  by  a cur- 
rent of  air,  and  the  draught  of  the  furnace  is  increased  by  the  tall 
chimney  h.  The  furnace  having  been  lighted  by  introducing 
ignited  charcoal  by  the  opening,  i,  and  all  the  apertures  except 
that  of  the  ash-pit  having  been  closed,  the  muffle  is  allowed  to  get 
red  hot ; the  cupels  which  have  been  previously  drying  round  the 
ledge  of  the  chimney  are  then  placed  by  a pair  of  tongs  on  the 
floor  of  the  muffle,  on  which  a small  quantity  of  pounded  bone- 
ash  has  been  strewed  ; the  opening  d is  now  closed ; the  cupels 
are  soon  raised  to  the  temperature  of  the  muffle,  and  when  this  is 
the  case  the  door  is  removed,  and  the  assay  dropped  carefully  into 
the  cupels  by  a pair  of  light  steel  tongs. 


Fig.  26. 
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From  a series  of  experiments  made  first  by  Tillet,  and  con- 
firmed and  extended  by  D’Arcet,  the  following  conclusions  may 
be  drawn : — 

(1.)  That  by  the  process  of  cupellation  the  amount  of  silver  is 
always  slightly  under-estimated,  in  consequence  of  a portion  being 
volatilized,  and  a portion  being  absorbed  by  the  cupel. 
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(2.)  That  the  button  is  not  pure  silver,  but  contains  both  lead 
and  copper;  a wet  analysis  shows  that  as  an  average  1,000  parts 
of  the  button  contain  four  parts  of  foreign  metals. 

(3.)  The  more  copper  the  alloy  contains,  the  larger  the  quan- 
tity of  lead  required ; this,  however,  is  only  applicable  to  alloys 
the  standard  of  which  is  above  500.  Copper  containing  a few 
thousandths  of  silver  only  does  not  require  more  lead  than  an 
equal  weight  of  an  alloy  of  500. 

Bismuth  acts  in  cupellation  in  the  same  manner  as  lead,  and 
M.  Claudet  has  drawn  up  a Table  showing  the  proportions  that 
should  be  used  in  different  standards  of  alloys,  but  no  application 
of  these  facts  appears  to  have  hitherto  been  made. 

To  estimate  the  amount  of  loss  during  the  operation  of  cupel- 
lation, recourse  is  sometimes  had  to  a ‘ Table  of  errors,’  which, 
however,  cannot  be  made  exact,  because  such  a Table  implies  cer- 
tain invariable  conditions  which  in  practice  cannot  always  be  com- 
plied with.  It  is  better  to  use  with  each  set  of  assays  a check  or 
proof,  that  is,  to  make  an  assay  with  pure  silver.  The  proof  is 
placed  in  the  muffle  by  the  side  of  the  assays ; e.g.  suppose  an 
assay  has  to  be  made  of  a piece  of  coin  the  approximative 
standard  of  which  is  ; 950  milligrammes  of  pure  silver  and 
50  of  copper  are  placed  in  a cupel  and  introduced  into  the  muffle 
by  the  side  of  the  alloy.  Suppose  that  after  cupellation  the 
proof  has  lost  two  milligrammes,  this  quantity  must  be  deducted 
from  the  weight  of  the  button  furnished  by  the  alloy.  These 
proofs  are  especially  useful  when  the  alloy  contains  g old,  ptlatinum, 
or  palladium,  as  these  metals  tend  to  occasion  an  overweight  in 
the  button. 

Some  experiments  were  made  by  Mr.  Hamt.ey  (‘  Chem.  Gaz.’ 
vol.  xv.  p.  185),  to  ascertain  whether  the  loss  of  silver  by  cupella- 
tion is  the  same  when  varying  quantities  are  employed  with  a 
constant  ratio  of  lead,  and  also  to  find  the  loss  of  silver  when 
cupelled  with  a gradually  increasing  ratio  of  lead.  The  conclu- 
sions drawn  from  the  experiments  are — 1.  That  according  to  the 
decrease  in  weight  of  the  silver  cupelled,  so  the  loss  of  that 
metal  very  slightly  increases,  provided  the  ratio  of  lead  employed 
be  constant.  2.  That  an  increasing  ratio  of  lead  produces  an  in- 
creasing loss  of  silver. 

According  to  Field  (‘  Chem.  News,’  vol.  i.  p.  2 77),  the  pre- 
sence of  copper  exercises  a material  influence  upon  the  loss  of 
silver  in  the  process  of  cupellation,  in  the  estimation  of  that 
metal ; when  it  exists  as  a double  sulphide  with  copper,  the  loss 
is  very  apparent,  so  much  so,  indeed,  that  in  the  assay  of  these 
double  sulphides,  Field  found  it  necessary  to  abandon  the  usual 
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method  and  to  adopt  the  following : — The  finely  powdered  mineral 
is  digested  in  strong  nitric  acid  until  the  sulphur  is  yellow ; the 
solution  is  somewhat  largely  diluted  with  water,  and  one  or  two 
drops  of  hydrochloric  acid  added.  After  heating  gently,  and 
allowing  the  supernatant  liquor  to  become  clear,  it  is  filtered. 
The  residue  on  the  filter  consists  of  earthy  insoluble  matter  and 
chloride  of  silver.  It  is  dried,  and  the  greater  part  mixed  in  a 
mortar  with  carbonate  of  sodium,  a small  quantity  of  litharge,  and 
a few  grains  of  bitartrate  of  potassium.  About  half  the  mixture  is 
put  in  a crucible,  and  the  filter  is  then  folded  up  and  placed  upon 
the  powder,  the  remainder  of  which  is  now  introduced,  and  the 
whole  covered  with  a little  fused  borax.  The  crucible  is  now 
introduced  into  the  furnace ; an  argentiferous  button  of  lead  is 
obtained,  which  is  cupelled  in  the  usual  manner. 

Among  the  various  other  methods  of  separating  silver  from 
copper,  tivo  may  be  specially  noticed.  The  first  consists  in  fusing 
the  argentiferous  copper  with  2%  parts  of  lead,  and  cooling  the 
fused  mass  in  thick  round  cakes.  These  cakes  are  then  intro- 
duced into  a furnace  of  peculiar  construction,  and  the  heat  is 
raised  sufficiently  high  to  fuse  the  alloy  of  silver  and  lead,  but 
not  to  fuse  the  copper.  On  cooling,  the  whole  of  the  silver  is. 
found  combined  with  the  lead,  from  which  it  is  separated  by 
cupellation.  The  second  method  consists  in  dissolving  the  argenti- 
ferous copper  in  sulphuric  acid,  in  a platinum  vessel,  and  pre- 
cipitating the  silver  from  the  solution  by  means  of  plates  of 
copper ; the  precipitated  copper,  which  is  in  the  form  of  a grey 
metallic  powder,  is  washed  and  fused  with  a mixture  of  nitre  and 
borax ; it  is  thus  purified  from  the  copper  which  may  have  been 
precipitated  with  it.  The  method  has  two  advantages:  first,  the 
copper  is  recovered  in  a marketable  form  (that  of  blue  vitrol) ; 
and  second,  the  gold  amounting  to  from  to  T|^th  part,  is 
saved,  this  metal  remaining  un dissolved  by  the  sulphuric  acid. 

To  estimate  the  amount  of  silver  in  a compound  (commercial 
lead,  for  example),  Pisani  avails  himself  of  the  fact  that  iodide  of 
starch  is  decolorized  when  poured  into  solutions  of  some  salts, 
whilst  in  others  it  retains  its  blue  colour.  The  decolorization  is 
produced  by  silver,  mercury,  the  protosalts  of  tin,  antimony, 
arsenic,  iron,  and  manganese,  and  perchloride  of  gold.  1 he  salts  of 
lead  and  copper  have  no  action  on  it.  In  order,  therefore,  to  esti- 
mate the  amount  of  silver  in  a compound,  a standard  solution  of 
iodide  of  starch  is  dropped  into  the  solution  until  the  last  drop  is 
undecomposed,  and  causes  a blue  tint  to  remain  in  the  liquid. 
Instead  of  forming  a standard  solution  of  iodide  of  starch,  Field 
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dissolves  iodine  in  iodide  of  potassium,  and  drops  it  into  tlie  solu- 
tion of  tlie  silver  salt  to  which  a little  starch-water  has  previously 
been  added.  The  silver  compound  is  dissolved  in  nitric  acid, 
gently  evaporated  nearly  to  dryness,  a slight  excess  of  carbonate  of 
sodium  introduced,  and  the  carbonate  of  silver  brought  into  solu- 
tion by  very  weak  acetic  acid  ; a few  drops  of  clear  starch-water 
are  added,  and  the  ioduretted  iodide  of  potassium  dropped  in  from 
a burette.  When  the  two  liquids  meet,  a bright  blue  ring 
is  formed,  which  immediately  disappears  on  agitation,  yellow 
iodide  of  silver  being  precipitated.  When  a permanent  blue  tinge 
is  produced,  no  more  silver  exists  in  the  solution.  Three  burettes 
are  employed ; in  the  first  one,  each  division  corresponds  to  — 
of  a grain  of  silver,  in  the  second  to  and  in  the  third  to 
When  it  is  evident  that  the  greater  part  of  the  silver  has  been 
precipitated  by  the  solution  from  the  first  burette,  a small  quan- 
tity from  the  second  is  introduced,  and  the  last  traces  are  thrown 
down  by  the  third.  No  difficulty  is  experienced  in  compounds  of 
silver  and  tin , but  the  presence  of  mercury  entirely  vitiates  the 
results,  as  a salt  of  this  metal  decomposes  the  starch  compound 
with  great  facility. 

silver  (Amalgamated).  See  German  Silver. 

siiyxibor.  See  Brass. 

SINKAIiT  (Azure  Blue). — Smalt  is  a blue  glass,  which  is 
prepared  by  fusing  zaffre  with  colourless  glass,  or  by  calcining 
a mixture  of  equal  parts  of  roasted  cobalt  ore,  pearlash,  and  ground 
flints ; the  result  is  a blue  glass,  which,  whilst  red-hot,  is  thrown 
into  cold  water,  and  afterwards  reduced  into  impalpable  powder. 
Smalt  is  much  employed  in  the  potteries,  in  the  manufacture  of 
paper,  and  for  other  purposes. 

Smalt  is  sometimes  adulterated  with  chalk  ; this  fraud,  how- 
ever, may  be  immediately  detected  by  pouring  a little  hydro- 
chloric acid  upon  it,  which  in  that  case  will  produce  an  effer- 
vescence. The  analysis  of  smalt  is  performed  exactly  like  that  of 
glass  (see  Glass). 

soap. — Soap  is  a most  important  article  of  manufacture  and 
of  commerce  ; it  is  a compound  resulting  from  the  combination  of 
certain  constituents  derived  from  fats,  oils,  grease,  and  rosin,  with 
certain  salifiable  bases,  which  in  detergent  soaps  are  potash  or 
soda. 

Oils  and  fats  consist  chiefly  of  three  principles,  of  different 
consistency,  the  one  more  fluid  than  the  two  others.  The  first  is 
called  oleine,  and  is  always  liquid  at  the  ordinary  temperature ; 
the  two  others  are  called  stearine  and  margarine.  These  sub- 
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stances,  chemically  considered,  have  been  regarded  as  salts,  or  com- 
binations of  an  oxide  with  an  acid,  that  is  to  say,  are  the  result  of 
the  combination  of  stearic,  margaric,  oleic  acid,  &c.,  with  the  oxide 
of  a compound  radical,  called  glyceryle  (sweet  principle  of  oils). 
Stearine  being  therefore  a combination  of  stearic  acid  with  oxide 
of  glyceryle,  is  a stearate  of  oxide  of  glyceryle ; oleine  is  oelic 
acid  + oxide  of  glyceryle,  or  oleate  of  oxide  of  glyceryle ; mar- 
garine is  margaric  acid  + oxide  of  glyceryle,  or  margarate  of 
oxide  of  glyceryle,  &c.  Glycerine  is  a combination  of  oxide  of 
glyceryle  with  water,  or  hydrate  of  oxide  of  glyceryle.  Now, 
when  these  substances  (namely,  oleine,  stearine,  margarine,  &c., 
or  the  fats  or  oils  which  they  constitute)  are  treated  by  a solution 
of  potash  or  of  soda,  their  constituents  react  upon  each  other,  and 
combine  with  the  potash  or  soda  to  form  soap.  The  following 
diagram  exhibits  this  interesting  reaction  : — 


Substances 

employed 


Composition 


Products  of 
reaction 


'Oleic  acid  

Stearic  acid  

Margaric  acid,  &e... 


Fats  or  oils  

i.e.  oleate,  stearate, 
margarate,  &c.  of 
oxide  of  glyceryle 


+ 


Oxide  of  glyceryle 


Potash  or  soda 
Water 


Oleate, 
Stearate, 
Margarate,  &c. 


of 


Potash,  or  of  soda, 
i.e.  Soap 


r Hydrate  of  oxide 
< of  glyceryle, 
(.  i.e.  glycerine 


The  soap  made  with  soda  is  hard,  that  made  with  potash  is 
soft,  and  the  degree  of  hardness  or  of  softness  depends  moreover 
upon  the  quantity  of  stearine  and  margarine,  or  of  oleine  contained 
in  the  fat  or  oil  employed.  Hence  the  more  oleine  a fatty  matter 
contains  relatively  to  the  stearine  and  margarine,  the  softer  the 
soap  made  with  it  will  be,  and  vice  versa.  The  softest  soap  would 
therefore  be  that  made  altogether  with  oleine  and  potash  (oleate 
of  potassium) ; the  hardest  would  be  that  made  with  stearine 
and  soda  (stearate  of  sodium).  Ordinary  soaps,  however,  are 
mixtures  of  these  fatty  acids  in  variable  quantities,  according  to 
the  species  of  fat  or  oil  employed.  The  oils  or  fatty  substances 
employed  for  the  manufacture  of  soap  are  olive-oil,  tallow,  lard, 
hempseed-oil,  oil  of  almonds,  oil  of  linseed,  horse-oil  or  fat,  rape- 
oil,  poppy-oil,  train-oil,  cod-oil,  and  other  fish-oils,  cocoa-nut  oil, 
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palm-oil,  kitchen  and  bone  fat,  resin.  This  last  substance  (resin) 
always  makes,  even  with  soda,  a soft,  viscid  kind  of  soap,  owing 
to  its  great  affinity  for  water ; so  that,  even  after  having  been  arti- 
ficially dried,  the  soap  made  with  it  deliquesces  by  exposure,  and 
returns  to  the  soft  state. 

On  the  Continent  olive-oil,  mixed  with  about  one-fifth  of  rape- 
oil,  is  principally  used  for  making  hard  soap.  This  addition  of 
rape-oil  is  always  resorted  to  because  olive-oil  alone  yields  a soap 
so  hard  and  so  compact  that  it  dissolves  only  with  difficulty  and 
slowly  in  water,  which  is  not  the  case  with  rape-oil,  or  other  oils 
of  a similar  nature — that  is,  oils  which  become  thick  and  viscid  by 
exposure — experience  having  taught  that  the  oils  which  turn 
viscid  the  soonest  by  exposure  yield  with  soda  a softer  soap  than 
that  made  with  oils  which,  like  olive-oil,  remain  limpid  for  a long 
period  under  the  influence  of  the  air.  The  admixture  of  rape-oil 
has  therefore  the  effect  of  modifying  the  degree  of  hardness  of  the 
soap.  In  England  tallow  is  used  instead  of  olive-oil;  the  soap 
resulting  from  its  treatment  with  soda  is  known  under  the  name 
of  curd  soap. 

There  are  too  kinds  of  hard  soaps,  besides  curd  soap  above 
alluded  to,  namely,  mottled  soap  and  yellow  fitted  soap. 

Mottled  soap  has  a marbled  or  streaky  appearance  ; that  is  to 
say,  veins  of  a bluish  or  slate  colour  pervade  its  mass,  which  is 
white  or  whitish ; the  size  and  number  of  these  veins  depend 
on  the  more  or  less  rapid  cooling  of  the  soap  after  it  has  been 
cleansed,  that  is,  transferred  from  the  copper  to  the  frames.  The 
blue  or  slate  colour  of  these  streaks  is  chiefly  due  to  the  presence 
of  an  alumino-ferruginous  soap  interposed  in  the  mass,  and  fre- 
quently, also,  to  that  of  sulphide  of  iron,  which  is  produced  by 
the  reaction  of  the  alkaline  sulphides  contained  in  the  soda-ley 
upon  the  iron,  derived  from  the  iron,  copper,  and  utensils  em- 
ployed in  this  manufacture,  or  which  even  is  at  times  introduced 
purposely  in  the  state  of  solution  of  protosulphate  of  iron.  The 
veins  gradually  disappear,  by  keeping,  from  the  surface  to  the 
centre,  by  the  oxidation  of  the  sulphide  of  iron.  A well  manu- 
factured mottled  soap  cannot  contain  more  than  33,  34,  or  at 
most  36  per  cent,  of  water.  It  is  evident  indeed  that  the 
mottling  being  due  to  the  presence  of  sulphide  of  iron  held  in 
the  state  partly  of  demi-solution  and  of  suspension,  the  addition  of 
water  would  cause  the  colouring  substances  to  subside,  and  a 
white,  uncoloured,  or  fitted  soap  would  be  the  result.  This  addi- 
tion of  water,  which  is  technically  called  fitting,  is  made  when 
the  object  of  the  manufacturer  is  to  obtain  a unicoloured  yellow 
or  white  soap.  After  fitting,  the  soap  contains,  therefore,  an 
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additional  quantity  of  water,  which  sometimes  amounts  to  55  per 
cent.,  and  which  is  sold  at  the  price  of  soap.  The  interest  of  the 
consumer  is  therefore  clearly  to  buy  mottled  soap  in  preference  to 
yellow  or  white  soap  ; the  mottling  is  a sure  criterion  of  genuine- 
ness, for  the  addition  of  water,  or  of  any  other  substance,  would 
infallibly  destroy  the  mottling. 

Besides  water,  soap  is  often  adulterated  by  gelatine  (known  as 
hone-soap),  which  is  made  by  adding  to  the  soap  a solution  of 
disintegrated  bones,  sinews,  skins,  hoofs,  sprats,  or  other  cheap 
fish,  in  strong  caustic  soda;  also  by  dextrine,  potato- starch, 
pumice-stone,  silica,  plaster,  clay,  salt,  chalk,  carbonate  of  sodium, 
&c.,  &c.,  and  by  fats  of  another  or  inferior  kind  than  those  from 
which  they  are  represented  to  have  been  made. 

The  impurities  may  be  detected,  and  their  amount  ascertained, 
in  the  following  manner  : — 

Estimation  of  the  Quantity  of  Water. — For  the  purpose  of  deter- 
mining the  quantity  of  water,  about  2,000  grains  of  the  soap 
under  examination  should  be  cut  into  small  thin  shavings.  These 
2,oco  grains  should  not  be  taken  from  the  outside  only,  which  is 
always  drier,  but  should  be  cut  off  from  the  whole  mass,  externally 
and  internally,  so  that  they  may  represent  a fair  average.  These 
shavings  should  be  well  mixed  together,  and  100  grains  thereof 
being  accurately  weighed,  should  then  be  placed  in  an  oven,  at  a 
temperature  not  exceeding  2 12°  until  they  no  longer  diminish 
in  weight.  The  loss  indicates  the  proportion  of  water.  The  loss 
of  water  in  mottled  soap  should  not  be  more  than  from  30  to  35 
per  cent.,  in  white  or  yellow  soap  more  than  45  to  50  per  cent. 

If  the  soap  contain  clay,  chalk,  silica,  dextrine,  fecula, 
pumice-stone,  ochre,  plaster,  salt,  gelatine,  &c.,  &c.,  dissolve  100 
grains  of  the  suspected  soap  in  alcohol  with  the  help  of  a gentle 
heat : the  alcohol  will  dissolve  the  soap,  and  leave  all  these  im- 
purities in  an  insoluble  state.  Good  mottled  soap  should  not 
leave  more  than  1 per  cent,  of  insoluble  matter,  and  white  or 
yellow  soap  less  still.  All  soap  to  which  earthy  or  siliceous 
matter  has  been  added  is  opaque  instead  of  being  transparent  on 
the  edges,  as  is  the  case  with  all  genuine  fitted  soap.  The  drier 
the  soap  the  more  transparent  it  is. 

Bone-soap,  or  glue-soap,  is  recognized  by  its  dark  colour,  its 
want  of  transparency  on  the  edges,  and  a disagreeable  odour  of 
glue ; that  made  with  the  fat  of  the  intestines  of  animals  has  a 
disgusting  odour  of  fences. 

When  uncombined  silica  has  been  added  to  soap,  its  presence 
may  be  readily  detected  by  dissolving  the  suspected  soap  in 
alcohol,  when  the  silica  will  be  left  in  an  insoluble  state ; but  if 
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the  silica  is  in  the  state  of  silicate  of  sodium  or  of  potassium,  it  is 
necessary  to  proceed  as  follows : — A given  weight  of  the  suspected 
soap  should  be  first  dissolved  in  a suitable  quantity  of  boiling 
water,  and  decomposed  by  the  gradual  addition  of  moderately 
dilute  hydrochloric  acid.  The  fatty  acids,  which  separate,  being 
removed,  the  acid  liquor  should  be  evaporated  to  dryness;  the 
dry  mass  being  treated  with  boiling  water,  will  leave  an  insoluble 
residuum,  and  may  be  identified  as  silica  by  its  grittiness,  which 
is  recognized  by  rubbing  it  in  the  capsule  with  a glass  rod.  This 
residuum  of  silica  is  then  collected  on  a filter,  washed,  dried, 
ignited,  and  weighed. 

The  proportion  of  alkali  (potash  or  soda)  contained  in  soap 
may  be  easily  determined  by  an  alkalimetrical  assay,  as  follows : — 
Take  ioo  grains  of  the  soap  under  examination,  and  dissolve  them 
in  about  2,000  grains  of  boiling  water ; should  any  insoluble 
matter  be  left,  decant  carefully  the  supernatant  solution,  and  test 
it  with  dilute  sulphuric  acid  of  the  proper  strength,  exactly  as 
described  in  the  article  on  Alkalimetry. 

The  proportion  of  alkali  contained  in  soap  may  also  be  ascer- 
tained by  incinerating  a given  weight  of  the  soap  in  an  iron  or 
platinum  spoon,  capsule,  or  crucible,  treating  the  residuum  with 
water,  filtering,  and  submitting  the  filtrate  to  an  alkalimetrical 
assay.  This  method,  however,  cannot  be  resorted  to  when  the 
soap  contains  sulphates  of  alkalies,  because  the  ignition  would 
convert  such  salts,  or  a portion  thereof,  into  carbonates  of  alkali, 
which,  saturating  a portion  of  the  test  sulphuric  acid,  would  give 
an  incorrect  result. 

The  proportion  of  oil  or  of  fat  in  soap  is  ascertained,  according 
to  M.  Dtjmas,  by  adding  100  gr.  of  pure  white  wax,  free  from 
water,  to  the  soap  solution  in  which  the  proportion  of  alkali  has 
been  determined,  and  heating  the  whole  until  the  wax  has  become 
perfectly  liquid,  and  has  combined  with,  or  taken  up  the  oil  or  fat 
which  was  separated  by  the  test  sulphuric  acid.  The  whole  is 
then  allowed  to  cool,  and  the  cake  of  wax  obtained  is  removed 
and  weighed;  the  increase  above  100  grains  (the  original  weight 
of  the  wax)  indicates,  of  course,  the  quantity  of  grease,  fat,  or  oil 
contained  in  the  soap.  The  addition  of  wax  is  necessary  only 
when  the  fatty  matter  of  the  soap  is  too  liquid  to  concrete  well  on 
cooling.  Good  mottled  soap  ordinarily  contains  from  6 to  8 per 
cent,  of  soda ; from  60  to  70  per  cent,  of  fatty  acids  and  resin ; 
and  from  30  to  34  per  cent,  of  water. 

The  nature  of  the  fat,  of  which  a given  sample  of  soap  has 
been  made,  is  more  difficult  to  detect;  but  by  saturating  the 
aqueous  solution  of  the  mass  under  examination  with  tartaric 
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acid,  collecting  the  fatty  acids  which,  then  float  on  the  surface, 
and  observing  their  point  of  fusion,  the  operator,  at  any  rate,  will 
he  enabled  to  ascertain  whether  the  soap  under  examination  is 
identical  with  the  sample  from  which  it  may  have  been  purchased, 
.and  whether  it  was  made  from  tallow  or  from  oil,  &c. 

When  the  fatty  acids  which  have  been  isolated  by  decom- 
posing the  soap  with  sulphuric  or  hydrochloric  acid  are  heated  in 
a small  capsule,  the  odour  evolved  is  often  characteristic,  or  at 
least  generally  gives  a clue  to  the  nature  of  the  fats  or  oils  from 
which  the  soap  has  been  made.  This  odour  is  often  sufficiently 
perceptible  at  the  moment  when  the  aqueous  solution  of  the  soap 
is  decomposed  by  the  acid  poured  in. 

Properly  made  soap  should  dissolve  completely  in  pure  water ; 
if  a film  of  fatty  or  oily  matter  is  seen  to  float  on  the  surface,  it  is 
a proof  that  all  the  fat  is  not  saponified.  Another  test  is,  that  the 
fatty  or  oily  acid,  separated  by  treating  the  soap  with  hydrochloric 
acid,  should  be  entirely  soluble  in  alcohol. 

Soft  soaps  are  combinations  of  fats  or  oils  with  potash ; or 
rather  are  solutions  of  a potash-soap  in  a ley  of  potash,  and  they 
therefore  always  contain  a great  excess  of  alkali,  and  a more  or 
less  considerable  proportion  of  water ; they  contain  also  a certain 
quantity  of  chlorides,  of  sulphates,  and  all  the  glycerine  which 
the  saponifying  process  has  set  free.  The  use  of  soft  soap  is 
chiefly  used  in  this  country  for  fulling,  and  for  the  scouring  or 
cleansing  of  woollen  stuffs ; in  Belgium,  Holland,  and  Germany 
it  is  used  also  for  washing  linen,  which  thereby  acquires  a most 
disagreeable  odour  of  fish-oil,  the  latter  substance  being  generally 
employed  in  the  manufacture  of  that  soap.  The  most  esteemed 
soft  soap,  however,  is  that  made  from  hempseed-oil,  which  im- 
parts to  the  soap  a greenish  colour;  hut  this  much-prized  colour 
is  generally  artificially  given  to  soft  soap  made  of  other  oil,  and 
which  has  a yellow  colour,  by  means  of  a little  indigo  finely 
pulverized,  and  previously  boiled  for  some  time  in  water. 

Soft  soap  is  analyzed  exactly  as  hard  soap ; good  soft  soap 
should  not  contain  more  than  from  45  to  55  per  cent,  of  water. 

soy. — Soy  is  a dulinary  preparation  produced  from  a small 
bean,  obtained  from  the  Dolichos  soja,  from  which  a sauce  is  made 
in  Japan  and  in  China,  and  which  is  principally  eaten  with  fish. 

Genuine  soy,  however,  is  somewhat  a rarity  in  England;  most 
of  that  which  is  sold  in  bottles  under  that  name  is  spurious,  and 
consists  altogether  of  treacle,  water,  salt,  and  a little  flour,  to 
give  it  greater  consistence,  hut  which  latter  substance  is  often 
omitted. 

Genuine  soy  has  a peculiar  flavour ; it  should  neither  be  too 
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salt,  nor  too  sweet;  the  colour  should  he  brown,  and  when  shaken 
in  a glass  it  should  leave  on  the  surface  a coating  of  a transparent, 
bright,  yellowish-brown  colour. 

spathose  iron.  See  Iron  Ores. 

speiss. — Speiss  is  an  arsenio-sulphide  of  nickel,  which  is 
found  at  the  bottom  of  the  crucibles  in  which  smalt  is  prepared. 
Its  composition  is  generally  as  follows  : — 


Nickel 

. 49 

Arsenic  ..... 

; . . 38 

Sulphur  .... 

. . . 8 

Cobalt,  copper,  and  antimony 

• • • 5 

100 

Nickel  is  sometimes  extracted  in  this  country  from  speiss,  hut 
in  Germany  speiss  is  always  treated  for  nickel,  for  the  manufacture 
of  German  silver. 

The  quantitative  determination  of  the  constituents  of  speiss 
may  he  effected  in  the  following  manner  : — 

The  mass  is  first  reduced  into  powder,  and  roasted  as  com- 
pletely as  possible  with  charcoal,  in  order  to  volatilize  the  arsenic  ; 
speiss  being  very  fusible,  the  mass  should  he  diligently  stirred 
during  the  roasting,  and  if  it  fuses,  which  frequently  happens, 
the  mass  should  be  pulverized  again,  and  again  roasted  in  con- 
junction with  charcoal.  After  having  eliminated  the  arsenic  as 
completely  as  possible,  the  washed  mass  is  dissolved  in  aqua-regia, 
and  evaporated  to  dryness.  Water  is  poured  upon  the  dry  mass 
and  filtered.  A stream  of  sulphuretted  hydrogen  is  then  passed 
through  the  solution,  and  the  analysis  proceeds  exactly  as  we 
described  for  the  analysis  of  Kupfer  Nickel.  (See  the  article  on 
Kupfer  Nickel .) 

SPELTER.  See  ZlNC. 
spirits.  See  Alcohol.  Brandt. 

SPIRITS  OP  HARTSHORN.  See  AMMONIA. 

spirits  or  salt.  See  Hydrochloric  Acid, 
spirits  or  -wine.  See  Alcohol, 
steel. — ‘ Pure  iron,’  writes  Karsten  (Percy’s  1 Metal- 
lurgy ’)  1 perfectly  free  from  carbon,  is  so  soft  that  it  offers  hut 
little  resistance  to  friction,  and  is  therefore  unfitted  for  most  of 
the  purposes  to  which  the  ordinary  metal  is  applied.  When 
combined  with  carbon  not  exceeding  certain  limits,  iron  increases 
in  tenacity,  and  consequently  in  elasticity ; as  also  in  malleability, 
ductility,  and  hardness.  The  last  property  is  increased  by  sud- 
denly cooling  after  heating,  and  wlten  it  is  considerable,  as  is  the 
case  in  all  iron  containing  more  than  from  0'2  per  cent,  to  0*25  per 
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cent,  of  carbon,  the  metal  is  designated  steel.  The  more  free  the 
iron  is  from  foreign  matters,  especially  silicon,  sulphur,  and  phos- 
phorus, the  larger  is  the  amount  of  carbon  required  to  induce  harden- 
ing by  this  treatment.  In  the  best  Swedish  bar-iron,  as  well  as 
in  bar-iron  made  in  Germany  from  spathic  and  brown  iron  ore, 
0-35  per  cent,  of  carbon  suffices  to  communicate  the  property  of 
hardening  in  a degree  so  considerable  that  such  iron  is  properly 
termed  ‘ steely.’  The  passage  of  this  iron  into  steel  is  so  gradual 
and  insensible,  that  it  is  impossible  to  pronounce  where  one  ends 
and  the  other  begins.  When,  however,  the  carbon  reaches  0-5 
per  cent.,  and  other  foreign  matters  are  present  in  small  quantity, 
iron  is  capable  of  being  hardened  sufficiently  to  give  sparks  with 
flint,  and  may  then  be  regarded  as  steel.  But  in  the  cases  of  iron 
perfectly  free  from  foreign  matters,  not  less  than  0-65  per  cent,  of 
carbon  is  required  to  induce  this  properly.  Iron  containing  from 
ro  per  cent,  to  i‘5  per  cent,  is  steel,  which,  after  hardening, 
requires  the  maximum  hardness  combined  with  the  maximum 
tenacity.  When  the  carbon  exceeds  the  highest  of  these  limits, 
still  greater  hardness  may  be  obtained,  but  only  at  the  ex- 
pense of  tenacity  and  weldability.  With  175  per  cent,  of 
carbon,  the  last  property  is  almost  completely  lost.  With 
1 ‘8  per  cent,  of  carbon  iron  may  still  with  great  difficulty  be 
worked  and  drawn  out  under  the  hammer,  and  although  very 
hard,  it  yet  retains  considerable  tenacity.  When  the  carbon  rises 
to  1 *9  per  cent,  or  more,  the  metal  ceases  to  be  malleable  while 
hot ; and  2 per  cent,  of  carbon  appears  to  be  the  limit  between 
steel  and  cast-iron,  when  the  metal  in  the  softened  state  can  no 
longer  be  drawn  out  without  cracking  and  breaking  to  pieces  under 
the  hammer.’ 

Determination  of  the  Combined  Carbon  in  Steel  (Eggertz) 
(Percy’s  ‘Metallurgy’). — 1 gramme  (=  15-432  grains)  of  steel, 
which  has  passed  through  holes  of  0-2  of  a line  in  diameter,  is 
added  in  small  portions  to  5 grammes  ( = 77-16  grains)  of  iodine 
and  5 cubic  centimetres  ( = cr  18  fluid  oz.)  of  water,  contained 
in  a glass  vessel,  having  a watch-glass  cover,  and  previously 
cooled  in  ice-water.  It  is  kept  for  24  hours  at  a temperature  of 
o°  C. ; during  the  first  6 hours  it  should  be  frequently  stirred  with 
a glass  rod.  With  these  precautions,  it  is  possible  to  conduct  the 
operation  without  the  least  evolution  of  hydrocarbons.  The  inso- 
luble residue  of  carbon,  silica,  &c.,  is  collected  on  a weighed  filter, 
and  washed  with  hot  water  until  it  becomes  white,  or  the  filtrate 
is  free  from  iron ; or  the  residue  may  be  washed  with  a solution 
of  2 parts  of  water  and  1 part  of  hydrochloric  acid  heated  to  7° 
or  8o°  C.,  and  finally  with  water.  The  filter  and  residue  are  dried 
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at  95°  to  ioo°  C.  until  the  weight  remains  constant  ■,  they  are 
afterwards  ignited,  and  the  weight  of  the  silica,  &c.,  is  deducted. 
The  loss  by  ignition  represents  the  amount  of  carbon  residue 
containing  60  per  cent,  of  carbon  ; from  these  data  the  amount  of 
carbon  contained  in  the  steel  is  found  by  calculation. 

Determination  of  Carbon  in  Steel  by  the  Colouration  Test 
(Eggertz). — Sesquioxide  of  iron  dissolved  in  nitric  acid,  if  not 
too  concentrated,  yields  a solution  which  is  free  from  colour,  or 
has  only  a feeble,  greenish  tint.  When  pig  iron  or  steel  is  acted 
on  by  nitric  acid,  the  solution  is  coloured  by  the  carbon  product  in 
proportion  to  the  amount  of  combined  carbon  present,  and  there  is 
no  action  on  the  graphite. 

A normal  solution  is  prepared  by  dissolving  some  cast-steel 
containing  a known  amount  of  carbon,  with  certain  precautions,  in 
so  much  nitric  acid  of  1-2  specific  gravity,  that  every  cubic  centi- 
metre ( = 0-037  fluid  oz.)  of  the  solution  may  represent  cooi 
gramme  ( = 0 015  gr.)  of  carbon.  This  normal  solution  does  not 
maintain  its  colour,  but  generally  becomes  paler  after  24  hours. 
Feebly  burnt  sugar  gives  a yellow,  and  hard  burnt  sugar  a brown 
solution ; by  dissolving  a mixture  of  the  two  in  a solution  of 
equal  parts  of  water  and  alcohol,  it  is  possible  to  obtain  a yellow- 
brown  normal  solution  of  the  proper  tint,  which  may  be  kept  for 
some  time  in  a hermetically  sealed  tube,  pretty  well  protected 
from  the  influence  of  light.  In  order  occasionally  to  control  the 
normal  solution,  o-i  grm.  ( = 1-543  gr.)  of  steel  containing  a known 
weight  of  carbon  is  dissolved  in  5 cubic  centimetres(  = 0-18  fluid  oz.) 
of  nitric  acid,  and  the  solution  diluted  until  the  tint  corresponds 
to  that  of  the  normal  solution  of  burnt  sugar. 

The  process  is  conducted  as  follows: — o'l  grm.  (=  1-543  gr.) 
of  the  finely  divided  steel  is  put  into  nitric  acid  of  1-2  specific 
gravity,  and  free  from  chlorine,  contained  in  a test-tube  of  about 
4 inches  in  length,  and  0.4  inch  diameter.  The  test-tube  is  im- 
mersed in  water,  and  kept  at  the  temperature  of  8o°  0.  If  the 
temperature  exceeds  this,  the  colour  of  the  solution  decreases,  and 
shows  too  small  an  amount  of  carbon.  By  a lower  temperature 
the  dissolving  proceeds  too  slowly,  and  the  colour  of  the  liquid 
may  be  too  strong. 

When  the  evolution  of  the  carbonic  acid  gas  ceases,  which  for 
■ steel  usually  requires  two  or  three  hours,  tbe  test-tube  is  removed, 
and  allowed  to  cool.  The  solution  is  then  carefully  decanted  off 
from  any  black  particles  which  may  have  been  deposited  during 
cooling  into  a graduated  tube,  a few  drops  of  nitric  acid  added,  and 
heat  applied ; if  no  evolution  of  gas  occurs,  the  black  particles 
consist  of  graphite,  or  slag ; if  otherwise,  the  test-tube  is  cooled, 
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and  the  solution  is  added  to  that  before  obtained,  and  the  whole 
diluted  with  water  until  the  colour  corresponds  to  that  of  the 
normal  solution. 

If  i cubic  centimetre  of  the  normal  solution  correspond  to  o-i 
per  cent,  of  carbon,  and  the  solution  in  the  graduated  tube  mea- 
sures 7 cubic  centimetres,  then  the  steel  operated  upon  contains 
07  per  cent,  of  carbon. 

As  it  is  usually  difficult  to  dissolve  O’l  grm.  (=1-543  gr.)  of 
iron  in  less  than  1-5  cubic  centimetres  of  nitric  acid,  it  is  not 
possible  with  the  before-mentioned  normal  solution  to  determine 
less  than  0-15  per  cent,  of  carbon.  When  the  carbon  exceeds 
o-8  per  cent,  the  solution  has  a greenish  tint,  which  causes  some 
little  difficulty  in  comparing  it  with  the  normal  solution  ; in  such 
a case  a poorer  normal  solution  is  made  by  adding  6 parts  by 
measure  of  water  to  3 parts  of  the  common  normal  solution. 

Estimation  of  Phosphorus  in  Steel  (Eggertz,  Percy’s 
‘Metallurgy’). — 1 gramme  of  the  powdered  steel  is  put  into  a 
small  glass  containing  1 2 cubic  centimetres  ( = 0-43  fluid  oz.)  of 
nitric  acid,  sp.  gr.  i'2.  Heat  is  applied  by  a water-bath,  and 
when  the  metal  is  dissolved  the  glass  plate  is  removed  from  the 
mouth  of  the  glass,  and  the  solution  is  evaporated  to  dryness  ; the 
residue  is  moistened  with  two  cubic  centimetres  ( = 0 075  fluid  oz.) 
of  nitric  acid  and  the  same  quantity  of  hydrochloric  acid,  and 
left  for  about  1 hour.  4 cubic  centimetres  ( = 0-15  fluid  oz.)  of 
water  are  then  added,  and  the  solution  filtered.  The  filtrate  and 
wash-water  should  not  measure  more  than  from  5 to  20  cubic 
centimetres  ( = 0-18  to  0.71  fluid  oz.). 

Not  less  than  2 cubic  centimetres  ( = 0-075  fluid  oz.)  °f  tk® 
prepared  solution  of  molybdate  of  ammonium  are  then  added  to 
the  iron  solution  for  every  o-oor  grm.  ( = 0-015  gr-)  of  phos- 
phorus supposed  to  he  present  in  the  steel,  and  digested  for  three 
hours,  with  occasional  stirring,  at  about  40°  C.  If  no  precipitate 
he  formed  after  the  lapse  of  one  hour,  more  solution  of  molybdate 
of  ammonium  is  added.  The  yellow  crystallized  precipitate  (if 
formed)  is  collected  on  a weighed  filter,  washed  with  water  con- 
taining 1 per  cent,  of  nitric  acid,  and  dried  in  the  water-oven  till  the 
weight  remains  constant.  The  filtrate  should  afterwards  be  tested, 
to  see  that  no  further  precipitate  is  produced  by  the  solution  of 
molybdate  of  ammonium.  The  yellow  precipitate  contains 
1-63  per  cent,  of  phosphorus.  If  the  amount  of  phosphorus 
present  is  large,  a less  quantity  of  iron  may  be  taken. 

The  solution  of  molybdate  of  ammonium  employed  may  be 
prepared  by  calcining  finely  powdered  sulphide  of  molybdenum 
at  a low  temperature,  with  occasional  stirring.  The  molybdic 
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acid  thus  formed  is  dissolved  in  strong  ammonia,  the  insoluble 
residue  separated  by  filtration,  the  filtrate  evaporated  to  dryness, 
exposed  to  a red-heat,  and  stirred  until  the  dark  blue  colour 
becomes  yellow,  or  nearly  white,  when  cold ; it  usually  contains 
a little  II -phosphoric  acid,  and  must  he  heated  with  nitric  acid 
over  a water-bath  for  three  or  four  days,  in  order  to  obtain 
C-phosphoric  acid,  and  afterwards  evaporated  to  dryness.  This 
molybdic  acid  is  digested  in  a closed  bottle  with  ammonia  of 
°'95  sp.  gr.  at  1 6°  C.  Four  parts  by  weight  of  ammonia 
are  added  for  i part  of  molybdic  acid,  the  solution  filtered 
and  suddenly  added  to  15  parts  of  nitric  acid  of  1*2  sp.  gr; 
.at  160  C.  The  solution  is  commonly  of  a yellow  colour; 
a small  quantity  of  a yellow  precipitate  is  soon  formed,  which 
contains  C-phosporic  acid,  and  the  solution  is  colourless.  One 
cubic  centimetre  ( = crc>7  fluid  oz.)  of  the  solution  contains 
o’o6  grm.  ((V925  gr.)  of  molybdic  acid.  Heated  during  6 hours  at 
40°  C.,  no  white  precipitate  of  molybdic  acid  is  formed ; but  this 
occurs  quickly  when  it  is  exposed  to  a greater  heat,  unless  more 
nitric  acid  be  added. 

STICK  LAC.  See  SHELL  LAC. 

SUEACETATE  OF  COPPER.  See  CoRPER. 

SUBCHLOEIDE  OF  MERCURY.  See  MERCURY. 

sue cin.  See  Amber. 

succinate  OF  AMMONIUM. — Succinate  of  ammonium 
is  a salt  which  is  in  white  crystals,  unalterable  in  the  air.  The 
price  of  this  substance  being  high,  it  is  occasional^  adulterated 
with  tartaric  acid ; or,  according  to  Berzelius,  it  is  sometimes 
altogether  imitated  by  a mixture  of  tartaric  acid  and  of  rectified 
oil  of  amber.  This  fraud  is  easily  detected  by  dissolving  a portion 
of  the  salt  in  question  in  water,  and  then  adding  to  its  solution, 
first,  a drop  of  a persalt  of  iron,  and  then  caustic  ammonia.  If 
the  liquor  contains  tartaric  acid,  the  ammonia  will  fail  in  pro- 
ducing a reddish  brown  precipitate  of  peroxide  of  iron.  The 
adulteration  may  also  be  detected  by  gently  igniting  a portion  of 
the  salt ; pure  succinate  of  ammonium  volatilizes,  and  leaves  only 
a trifling  residuum  of  charcoal,  whilst  tartaric  acid  intumesces 
and  leaves  a bulky,  porous  charcoal,  and  emits  during  ignition 
the  characteristic  odour  of  burnt  bread. 

succinic  acid. — Succinic  acid  is  usually  extracted  from 
amber  by  subjecting  the  latter  substance  to  dry  distillation  ; but 
it  may  also  be  obtained  by  concentrating  the  mother-water  result- 
ing from  the  action  of  nitric  acid  upon  wax,  or  upon  stearic  acid. 

Pure  succinic  acid  is  in  white,  nacreous  spangles,  soluble  in 
water,  especially  in  hot  water,  and  the  solution  deposits  crystals 
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in  cooling ; it  is  less  soluble  in  alcohol,  and  scarcely  soluble  at 
all  in  ether. 

Succinic  acid  is  often  adulterated  with  tartaric  acid,  bisulphate 
or  binoxalate  of  potassium,  and  with  sal  ammoniac. 

The  presence  of  tartaric  acid  is  detected  by  igniting  a portion 
of  the  acid  ; if  tartaric  acid  is  present,  a carbonaceous  residue  will 
be  left,  whilst  pure  succinic  acid,  on  the  contrary,  evaporates 
completely  when  exposed  to  a red  heat,  upon  a strip  of  platinum 
foil.  If  pure  succinic  acid  be  mixed  with  a solution  of  a persalt 
of  iron,  and  an  excess  of  aqueous  ammonia  be  further  added,  a 
reddish  brown  precipitate  of  peroxide  of  iron  will  be  produced ; 
not  so,  however,  if  tartaric  acid,  or  another  non-volatile  organic 
acid  is  present,  at  least  in  sufficient  quantity,  the  solution  of  the 
persalts  of  iron  not  being  precipitable  by  ammonia  from  solutions 
which  contain  non-volatile  organic  acids.  The  admixture  of 
tartaric  acid  may  also  be  detected  in  succinic  acid  by  dissolving  a 
portion  of  the  sample  in  water,  saturating  the  acid  with  ammonia, 
and  then  testing  with  a solution  of  chloride  of  calcium,  which 
will  then  produce  an  abundant  white  precipitate  of  tartrate  of 
calcium  ; whilst,  if  the  succinic  acid  is  pure,  no  precipitate  will  be 
produced.  If  oxalic  acid  or  a soluble  oxalate  is  present,  chloride 
of  calcium  produces  a precipitate  also. 

If  the  succinic  acid  under  examination  contains  any  bisul- 
phate or  binoxalate  of  potassium,  a residuum  will  also  be  left 
after  exposure  to  a red  heat,  which  residuum  being  dissolved  in 
water,  may  be  identified  as  such  by  dividing  the  solution  into  two 
portions,  and  adding  to  one  of  the  portions  a solution  of  chloride 
of  barium,  which  will  then  produce  a precipitate  of  sulphate  of 
barium,  which  may  be  collected  on  a filter,  washed,  ignited,  and 
weighed.  If  a solution  of  sulphate  of  calcium,  being  added  to  the 
second  portion,  produces  also  a white  precipitate,  it  is  oxalate  of 
calcium,  which  may  be  collected  on  a filter,  washed,  dried,  and 
ignited.  Ignition  converts  the  oxalate  of  calcium  so  produced 
into  carbonate  of  calcium,  in  which  state  it  is  weighed.  117 
grains  of  sulphate  of  barium  represent  146  grains  of  bisulphate  of 
potassium  (crystallized) ; 50  grains  of  carbonate  of  calcium 
represent  120  grains  of  binoxalate  of  potassium. 

Whether  the  succinic  acid  under  examination  contains  sal 
ammoniac  or  not,  is  ascertained  by  triturating  a portion  of  the 
salt  with  potash  ; if  sal  ammoniac  is  present,  an  odour  of  ammonia 
will  be  evolved,  especially  if  a little  water  be  added  whilst 
triturating.  If  the  quantity  of  ammonia  thus  evolved  is  too  small 
to  be  detected  by  the  odour,  a glass  rod,  moistened  with  pretty 
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strong,  but  not  fuming  muriatic  acid,  is  to  be  held  at  the  sur- 
face of  the  mixture,  when  white  fumes  will  immediately  be  ob- 
servable. 

SUGAR. — The  sugar  universally  used  in  England  is  cane- 
sugar,  which  is  extracted  from  the  sugar-cane  ( Arunda  saccharifer ), 
which  is  raised  in  the  English  colonies.  The  manufacture  of  this 
important  article  is  briefly  as  follows: — The  juice  of  the  cane  is 
first  boiled  with  lime  in  boilers,  where  it  is  converted  into  syrup, 
which,  when  sufficiently  concentrated,  is  transferred  to  coolers, 
and  thence  into  upright  casks,  perforated  at  the  bottom,  placed 
over  a tank  or  cistern,  into  which  the  syrup,  which  has  not 
crystallized,  percolates,  whilst  the  sugar  remains  in  the  casks  in 
the  state  of  coarse  or  moist  sugar.  From  this  coarse  or  moist  sugar , 
white  or  loaf  sugar  is  obtained  by  the  refiner  by  various  processes, 
which  it  is  not  the  object  of  this  work  to  detail. 

Moist  or  coarse  sugar  is  often  adulterated  with  sand,  plaster, 
chalk,  potato-Jlour,  and  other  feculas,  but  the  principal  sophistica- 
tion is  with  starch-  or  potato-sugar  (grape-sugar,  glucose).  The 
manufacture  of  starch-  or  grape-sugar  has  been  so  much  improved 
that  it  is  by  no  means  easy  to  distinguish  it  from  ordinary  moist 
sugar,  especially  from  that  which  comes  from  the  East  Indies. 
Starch-sugar  is  sometimes  mixed  with  good  muscovado,  or  coarse 
cane-sugar,  and  sold  to  the  refiner  and  grocer  as  genuine  cane- 
sugar.  This  admixture  of  grape  or  potato-sugar  is  not  confined  to 
moist  or  coarse  sugar,-  pounded  white  sugar  often  contains  con- 
siderable quantities  of  it,  sometimes  to  the  extent  of  30  per  cent. 

The  presence  of  grape-sugar  in  cane-sugar  may,  however,  be 
detected  in  various  ways 

M.  Chevallier’s  Process. — Take  of  distilled  water  300  grains, 
sugar  1 50  grains,  caustic  potash  8 grains,  and  introduce  the  whole 
into  a tube  of  suitable  capacity  and  closed  at  one  end,  or  in  a 
small  flask,  and  boil. 

If  the  sugar  be  pure  cane-sugar,  no  sensible  change  of  colour 
will  take  place,  or  the  solution  will  only  take  a green  tingq  ; but 
if  grape-sugar  be  present,  the  solution  will  assume  a brown  colour, 
more  or  less  intense,  in  proportion  to  the  quantity  of  grape-sugar 
present.  M.  Chevallier  says,  that  with  a little  experience  that 
quantity  may  be  approximative^  determined.  At  any  rate,  it  is 
a test  of  tbe  presence  of  that  substance,  and,  according  to  M. 
Kuhlman,  if  the  sugar  contains  from  2 to  3 per  cent,  of  grape- 
sugar,  the  change  of  colour  of  the  solutionis  quite  distinct. 

Tromjier’s  Process. — A more  delicate  test  is  that  originally 
contrived  by  Trommer,  by  which  even  so  small  a quantity  as 
j—tli  part  of  grape-sugar  can  be  detected.  When  a solution  of 
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sulphate  of  copper  mixed  with  a solution  of  potash  is  poured  into 
a solution  of  sugar,  after  boiling  a few  minutes  a yellow  hydrate 
of  oxyde  of  copper  is  deposited.  Dr.  Ure  gives  the  following 
directions  : — Dissolve  a certain  quantity  of  sulphate  of  copper — 20 
grains,  for  example — in  a measured  quantity  of  water,  and  add,  in 
the  cold,  a solution  of  caustic  potash  thereto,  until,  by  testing 
with  turmeric-paper,  the  solution  becomes  faintly  alkaline,  which 
is  known  by  the  turmeric-paper  becoming  slightly  brown.  This 
forms  the  test-liquor,  which,  before  using,  should  be  well  shaken. 
If  a small  quantity  of  this  test-liquor  be  now  added  to  the  aqueous 
solution  of  the  sugar  under  examination,  and  the  whole  boiled, 
the  solution  becomes  at  first  green,  and  then  olive-green,  if 
dextrine  is  present ; but  if  it  contains  grape-sugar,  the  salt  of 
copper  is  immediately  reduced  into  the  state  of  orange  oxide 
of  copper ; whilst  the  solution  of  pure  cane-sugar  undergoes  no 
change,  or  scarcely  any  change.  The  proportion  of  oxide  of 
copper  produced  affords,  therefore,  a good  criterion  of  the  purity 
of  the  sugar,  and  of  the  extent  to  which  it  is  adulterated. 

M.  Barreswill’s  Process  consists  in  preparing  a test  alkaline 
solution  of  copper  with  tartaric  acid,  by  means  of  which  not  only 
the  quantity  of  sugar,  but  of  each  species  of  sugar,  can  be  deter- 
mined in  any  given  solution.  The  experiment  is  performed 
somewhat  like  an  alkalinaetrical  assay.  A given  quantity — for 
example,  1,000  grain-measures — of  the  test-liquor  are  poured  into 
a glass  beaker,  or  capsule,  and  heated  therein  to  the  boiling  point ; 
a known  quantity  of  sugar  being  dissolved  in  10,000  grains  mea- 
sure of  water,  1,000  grain-measures,  that  is,  j^th  part  of  it,  is 
poured  into  an  alkalimeter,  and  carefully  dropped  into  the  test- 
liquor  in  the  capsule  as  long  as  a precipitate  continues  to  be 
formed.  If  only  a small  quantity  of  grape-sugar  be  present,  only 
a yellow  colour  of  oxide  of  copper  appears ; but  if  that  quantity 
is  at  all  considerable,  an  abundant  reddish  precipitate  of  oxide  of 
copper  is  produced.  If  no  grape-sugar  is  present,  no  precipitate 
or  cloudliness  appears. 

If  now  the  operator  has  ascertained  beforehand  the  strength  of 
his  test-liquor,  that  is  to  say,  what  quantity  of  sugar  is  necessary 
to  reduce  the  copper  contained  in  the  test-liquor,  he  has  only  to 
read  oft'  what  number  of  divisions  of  the  solution  of  sugar  in  the 
alkalimeter  has  been  employed  to  know  the  proportion  of  glucose 
it  contained. 

The  strength  of  the  test-liquor  is  ascertained  by  dissolving,  for 
example,  100  grains  of  pure  white  sugar  in  about  a pint  of  water, 
containing  ^th  of  its  weight  of  hydrochloric  acid,  boiling  the 
solution  for  one  or  two  minutes,  and  adding  as  much  water  as 


SUGAE. 


359 


may  be  necessary  to  bring  it  to  exactly  10,000  grains-measure. 
The  ebullition  -with  hydrochloric  acid  converts  the  pure  sugar 
into  glucose  (grape  sugar). 

To  prepare  the  test-liquor  in  question,  take  500  grains  of 
pulverised  cream  of  tartar,  400  grains  of  carbonate  of  sodium, 
dissolve  in  five  ounces  of  water,  and  heat  the  whole  to  ebullition ; 
add  to  the  mixture  300  grains  of  crystallized  sulphate  of  copper 
reduced  to  powder,  boil,  and  allow  the  whole  to  cool ; lastly,  add 
400  grains  of  caustic  potash,  dissolved  in  four  ounces  of  water, 
add  as  much  water  as  will  make. about  one  pint,  and  boil  again. 
This  liquor  undergoes  scarcely  any  change,  provided  it  be  kept  in 
a black  bottle,  and  in  the  dark. 

Or,  according  to  M.  E.  Krartz,  take  30  grains  of  the  sugar 
under  examination,  dissolve  them  in  about  one  ounce  of  distilled 
water,  filter,  and  add  three  grains  of  pure  caustic  potash  (potasse 
a l’alcohol),  and  one  and  a half  grain  of  sulphate  of  copper;  shake 
the  mixture  well,  and  close  the  vessel  containing  it  air-tight.  I 
starch-  or  grape-sugar  is  present,  a red  precipitate  will  be  formed 
after  some  time,  and  if  in  considerable  quantity  the  copper 
will  be  entirely  converted  into  suboxide  within  20  hours.  The 
solution  is  at  the  beginning  blue  or  green ; it  then  gradually 
loses  its  colour,  and  at  last  it  becomes  colourless  and  does  not 
contain  a trace  of  copper.  Pure  cane-  or  beetroot-sugar  does  not 
yield  any  red  precipitate  under  the  same  circumstances,  even  after 
a lapse  of  eight  days. 

If  the  sugar  under  examination  be  a mixture  of  equal  parts  of 
cane-  and  of  potato-  or  grape-sugar,  the  precipitation  is  complete 
within  20  hours.  And  even  with  2|  per  cent,  of  starch-sugar,  a 
slight  red  precipitate  is  obtained  after  24  hours,  but  the  solution 
remains  coloured  after  eight  days  have  elapsed.  The  above  tests 
are  applied  at  the  ordinary  temperature. 

Cane-sugar  is  sometimes  adulterated  with  sugar  of  milk ; this 
fraud  is  easily  detected  by  treating  the  mixture  with  alcohol, 
specific  gravity  o-852  ; the  cane-sugar  is  dissolved,  but  the  sugar  of 
milk  remains  insoluble.  Sugar  of  milk  imparts  a brick-red  colour 
to  arsenic  acid. 

Potato-  or  grape-sugar  fuses  at  about  220°  Fahr. ; as  it  cools, 
it  becomes  at  150°  Fahr.  of  the  consistency  of  honey,  and  wheii 
cold,  it  has  that  of  treacle,  in  which  state  it  remains  for  a con- 
siderable time  before  it  becomes  solid  again,  and  its  colour  remains 
unaltered;  whilst  pure  cane-sugar  requires  a heat  of  280°  Fahr.  to 
fuse,  and  it  then  immediately  becomes  brownish-black,  or  of  a 
deep  chestnut  colour,  because  it  then  begins  to  bo  charred. 

The  specific  gravity  of  a solution  of  cane-sugar  containing  70 
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per  cent,  of  sugar  is  i'342,  whilst  the  solution  of  grape-sugar  of 
the  same  specific  gravity  contains  75  j per  cent,  of  concrete  matter, 
dried  at  260°  Fahr.,  and  consequently  freed  from  the  10  per  cent, 
of  water  which  it  contains  in  the  granular  state. 

Cane-sugar  is  about  29  times  more  sweet  than  grape-sugar. 

sucjar  of  leas.  See  Acetate  oe  Lead, 
sugar-pluiwes.  See  Blanc  Mange. 

sulp hate  of  copper.  See  Copper. 

SULPHATE  OF  MAGNESIUM  (Epsom  Salts).  See 
Magnesia. 

SULPHATE  OF  QUININE.  See  QUININE. 

SULPHATE  OF  ZINC.  See  ZlNC. 

SULPHUR  (Brimstone). — Sulphur  is  a simple  body  which 
is  met  with  in  commerce  in  amorphous  masses — it  is  then  called 
massive  or  native  sulphur ; in  rolls  about  1 inch  in  diameter  and 
5 or  6 inches  long — it  is  then  called  stick  or  roll  sulphur ; and  in 
powder — ‘‘flower  of  sulphur  ’ or  sublimed  sulphur. 

The  rough  sulphur,  in  square  or  oblong  blocks,  or  in  amorphous 
masses,  always  contains  variable  quantities  of  impurities,  which, 
however,  are  generally  in  too  small  proportions  to  prove  materially 
objectionable  for  practical  purposes.  The  principal  impurities 
alluded  to  are  sand  or  earthy  matter , oxide  of  iron , sulphide  of 
iron,  carbon,  sulphate  and  carbonate  of  zinc,  sidphate  of  calcium, 
sulphide  of  arsenic,  alumina , magnesia,  & c. 

Pure  sulphur  being  entirely  volatilizable  by  heat,  the  purity  of 
the  article  may  at  once  be  approximately  ascertained  by  igniting 
a given  weight  of  the  sample  in  a platinum  crucible  5 the  sulphur 
volatilizes,  whilst  the  sand,  earthy  matter,  and  other  fixed  im- 
purities are  left  behind,  and  may  be  weighed. 

The  purity  of  sulphur,  however,  can  only  be  approximately 
judged  from  the  weight  of  these  impurities,  because  by  this  treat- 
ment the  sulphides  which  are  mixed  with  the  sample  are 
roasted,  and  abandon,  if  not  all,  at  least  a portion  of  their 
sulphur.  It  is  therefore  better,  if  greater  accuracy  is  required,  to 
boil  the  sulphur,  previously  pulverized,  with  15  times  its  weight 
of  spirits  of  turpentine,  which  will  dissolve  all  the  sulphur, 
which  should  be  decanted  whilst  hot,  and  leave  the  impurities 
behind. 

Rough  sulphur  contains  generally  from  7 to  10  per  cent,  of 
earthy  matter,  and  sometimes  considerably  more ; but  good  Sicilian 
sulphur  should  not  contain  more  than  3 per  cent,  of  impurities, 
and  sometimes  these  do  not  exceed  \ per  cent. 

Sulphur  lotum  are  the  flowers  of  sulphur  which  have  been 
washed  in  order  to  remove  a small  quantity  of  sulphurous  acid, 
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which  is  formed  during  the  sublimation  of  sulphur.  Washed 
flowers  of  sulphur  are  distinguished  from  those  which  have  not 
been  washed,  because,  on  pouring  boiling  water  on  the  latter,  the 
filtering  liquor  reddens  litmus-paper,  and  produces  a white  preci- 
pitate with  solution  of  chloride  of  barium. 

SUXiPHXDE  or  ANTXBXOOTY  (Crude  Antimony).  See 
Antimony. 

STJXPHXDE  or  ARSENIC.  See  ArSENIOUS  ACID. 

SULPHIDE  Or  COPPER.  See  COPPER. 

SULPHIDE  or  ZINC  (Blende).  See  ZlEC. 

SULPHIDE  Or  IVIERCURY  (Vermilion),  See  VERMILION. 

SULPHURIC  ACID  (Oil  of  Vitriol,  Vitriolic  Acid). — 
Sulphuric  acid  is  a heavy,  extremely  corrosive,  and  intensely  acid 
liquid,  of  an  oleaginous  consistence,  which,  when  pure,  is  colour- 
less and  odourless.  The  sulphuric  acicl  of  Nordhaetsee,  which 
may  be  considered  as  a solution  of  anhydrous  sulphuric  in  ordi- 
nary concentrated  sulphuric  acid,  or  as  a combination  of  2 equi- 
valents of  anhydrous  sulphuric  acid  in  2 equivalents  of  water,  has 
ordinarily  a brown  or  brownish  colour ; hut  the  ordinary  sul- 
phuric acid  has  frequently  that  colour  also,  which  in  both  varieties 
is  probably  due  to  the  presence  of  organic  substances  which  have 
been  charred  by  the  acid.  The  sulphuric  acid  of  Nordhausee 
emits  fumes  in  the  air,  and  of  course  is  so  much  the  more 
powerful  as  it  contains  a larger  proportion  of  anhydrous  acid, 
which  is  disengaged  by  a gentle  heat. 

The  monohydrated  or  ordinary  sulphuric  acid  which  has 
become  brown  by  exposure,  may  he  decolorized  by  heating  it 
gently,  the  carbon  of  the  organic  substances  being  thus  converted 
into  carbonic  acid. 

Concentrated  sulphuric  acid  absorbs  rapidly  the  moisture  of 
the  air,  and  accordingly  its  volume  augments  considerably  by  expo- 
sure, for  it  may  thus  absorb  several  times  its  own  weight  of  water. 
The  specific  gravity  of  sulphuric  acid,  in  the  most  concentrated 
state,  never  exceeds  1-8485  ■ when  it  has  a density  of  1-85,  it  is  a 
sign  of  the  presence  of  some  impurity.  The  specific  gravity  of  the 
most  concentrated  commercial  acid  never  exceeds  1 -847. 

In  taking  the  specific  gravity  of  sulphuric  acid  the  tempera- 
ture must  he  carefully  attended  to,  on  account  of  the  small 
specific  heat  of  the  acid,  for  the  slightest  increase  of  temperature 
immediately  diminishes  the  density.  Dr.  Ure  observes,  that  if  the 
thermometer  be  lifted  out  of  the  acid,  the  temperature  may  rise 
from  1 50  to  200  on  account  of  the  acid  which  adheres  to  it,  and 
which  absorbs  moisture  from  the  atmosphere ; if  the  thermometer 
be  then  plunged  into  the  acid  again,  the  temperature  of  the  whole 
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is  raised.  This  requires,  therefore,  particular  care,  since  an  in- 
crease of  io°  Fahr.  —that  is  to  say  from  6o°  to  70° — would  bring  the 
specific  gravity  of  the  acid  from  1-8485  down  to  1-7721,  which,  in 
fact,  would  he  the  gravity  of  the  same  acid  diluted  with  14  per 
cent,  of  water.  (See  Table,  p.  363). 

A more  easy,  and  at  the  same  time  more  accurate  method  of 
determining  the  strength  or  value  of  sulphuric  acid,  is  by  ascer- 
taining its  saturating  power;  and  the  most  convenient  way  of 
doing  this  is,  perhaps,  by  water  of  ammonia  of  a standard  strength, 
as  was  first  proposed  by  Dr.  Ure.  For  this  purpose  a given 
weight  of  the  acid  should  be  diluted  with  water,  and  water  of 
ammonia  of  specific  gravity  0-992  is  poured  from  an  alkalimeter 
into  it,  until  complete  saturation  is  obtained.  Every  1000  grain- 
measures  of  such  ammonia  contains  one  equivalent,  or  17  grains  of 
ammonia,  and  saturates  therefore  exactly  one  equivalent,  or  40 
grains  of  dry  sulphuric  acid,  or  49  grains  of  monohydrated 
sulphuric  acid. 

Instead  of  ammonia- water,  carbonate  of  sodium  may  be  used 
as  a test  of  the  saturating  power  or  actual  value  of  the  acid.  For 
this  purpose  a lmowmweight  of  dry,  neutral  carbonate  of  sodium, 
prepared  as  described  in  the  article  on  Alkalimetry,  should  be  dis- 
solved in  water,  and  the  solution  is  then  gradually  added  to  the 
acid  until  complete  saturation  is  obtained,  exactly  as  in  alkali- 
metry ; that  is  to  say,  by  dissolving  the  carbonate  of  sodium  in 
such  quantity,  that  each  1000  grain-measures  contain  54  grains  of 
carbonate  of  sodium,  which  therefore  represent  40  grains  of 
anhydrous  sulphuric  acid. 

Let  us  suppose,  for  example,  that  54  grains  of  dry,  neutral  car- 
bonate of  sodium  having  been  dissolved  in  1000  grain-measures  of 
water,  85  alkalimetrical  divisions  (850  grain-measures)  have  been 
required  to  saturate  100  grains  of  the  acid  under  examination 
previously  diluted  with  water,  if  need  be ; then  by  a simple  rule 
of  proportion,  we  say,  if  100  divisions  (1000  grain-measures)  con- 
taining 54  grains  of  carbonate  of  sodium,  saturate  40  of  anhydrous, 
or  dry  sulphuric  acid,  85  divisions  (850  grain-measures)  have, 
therefore,  saturated  34  grains  of  the  same  acid;  and  therefore  the 
acid  under  examination  contains  34  per  cent,  of  real  or  anhydrous 
acid. 

100  : 40  : : 85  : a- = 34. 

But  let  us  suppose  that  100  grains  of  the  acid  under  examina- 
tion, previously  diluted  with  water,  have  required  160  divisions 
(1600  grain-measures)  of  the  carbonate  of  sodium  test-solution  ; 
then  we  say,  if  100  divisions  of  the  test-carbonate  of  sodium  re- 
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Table  of  the  Quantity  of  Oil  of  Vitriol  and  Try  Sulphuric  Acid  in  100 
parts  of  Tilute,  at  different  Tensities , by  Dr.  Dee. 


Liquid 

Sp.  Gr. 

Dry 

Liquid 

Sp.  Gr. 

Dry 

IOO 

1 '8485 

8i'54 

50 

1-3884 

4077 

99 

1 '8475 

80-72 

49 

1 -3788 

39’95 

98 

1 ’8460 

79-90 

48 

1-3697 

39-I4 

- 97 

1 '8439 

79-09 

47 

1-3612 

38-32 

96 

1 '8410 

78-28 

46 

i"353° 

37-5I 

95 

1-8376 

77-46 

45 

i-344o  . 

36-69 

94 

1 '8336 

76-65 

44 

1 ‘3345 

35-88 

93 

1 ’8290 

75-83 

43 

I-3255 

35  06 

92 

1 ‘8233 

75-02 

42 

" i"3i65 

34-25 

9i 

1 '8179 

74  "20 

4i 

1 -3080 

33 '43 

90 

1-8115 

7379 

40 

1-2999 

32-61 

89 

1 -8043 

72-57 

39 

1-2913 

31  "80 

88 

1 7962 

7175 

38 

1-2826 

30-98 

87 

1 "7870 

70-94 

37 

1-2740 

30-17 

86 

17774 

70"I2 

36 

1-2654 

29-35 

85 

1 -7673 

69-31 

35 

1-2572 

28-54 

84 

17570 

68-49 

34 

1-2490 

27-72 

83 

1 746s 

67-68 

33 

I '2409 

26-91 

82 

1 -7360 

66-86 

32 

1-2334 

26  09 

81 

I7245 

66-05 

3i 

1-2260 

25.28 

80 

1 7120 

65-23 

30 

1-2184 

24-46 

79 

1-6993 

64-42 

29 

1 -2108 

23-65 

78 

1 '6870 

63-60 

28 

I *2032 

22-83 

77 

1 -6750 

6278 

27 

X-X956 

22 ‘OX 

76 

1-6630 

61-97 

26 

1-1876 

21  ‘20 

75 

1 -6520 

61-15 

25 

1*1792 

20-38 

74 

1-6415 

60-34 

24 

1-1706 

19-57 

73 

1 "6321 

59-52 

23 

1-1626 

18  75 

72 

1 -6204 

5871 

22 

1 "1549 

17  94 

7* 

1 "6090 

57-89 

21 

1-1480 

17-12 

70 

1 ‘5975 

57-o8 

20 

1-1410 

l6"qi 

69 

1 -5868 

56-26 

19 

1 -1330 

15'49 

68 

1 -5760 

55"45 

18 

1-1246 

14-68 

67 

1-5648 

54-63 

1 7 

1-1165 

13-86 

66 

1 '5503 

53-82 

16 

1-1090 

13-05 

65 

1 '5390 

53-oo 

15 

1-1019 

12-23 

64 

1-5280 

52-18 

14 

i-o953 

10-41 

63 

1-5170 

5I-37 

13 

1-0887 

ii"6o 

62 

1 -5066 

5o-55 

12 

1 -0809 

978 

61 

x -4960 

49  74 

II 

1-0743 

8-97 

60 

1 -4860 

48-92 

IO 

1 "0682 

8-15 

59 

1 -4760 

48-11 

9 

1-0614 

774 

58 

1 -4660 

47-29 

8 

i-o544 

6-52 

57 

1 -4560 

46  -48 

7 

1 -0477 

5‘7r 

56 

1-4460 

45-66 

6 

1-0405 

4-89 

55 

1 -4360 

44'8S 

5 

1-0336 

4-08 

54 

1-4265 

44'o3 

4 

i "0268 

3-26 

53 

1 -4170 

43"22 

3 

1 "0206 

2-446 

52 

1 '4073 

42-40 

2 

1 "0140 

1-63 

51 

1 ‘3977 

41'58 

1 

1-0074 

08154 
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present  40  grs.  of  dry  acid;  160  divisions  represent  64  per  cent,  of 
dry  acid. 

If  the  sulphuric  acid  under  examination  contain  no  sulphate 
in  solution,  its  strength  may  be  ascertained  by  means  of  a test- 
solution  of  chloride  of  barium  ; for  this  purpose  1050  grs.  of  chlo- 
ride of  barium  should  be  dissolved  in  10,000  grain-measures  of 
pure  water,  and  poured  gradually  into  a given  quantity  of  sul- 
phuric acid  until  it  ceases  to  produce  a precipitate.  Each  1000 
grain-measures  of  the  chloride  of  barium  test-liquor  corresponds 
to  1 17  grains  of  sulphate  of  barium,  or  to  40  grains  of  sulphuric 
acid.  Towards  the  end  a more  dilute  test-liquor  may  be 
employed. 

The  sulphuric  acid  of  commerce  always  contains  sulphate  of 
lead,  and  occasionally  tin,  nitric  acid , and  arsenic.  It  is  very  often 
adulterated  with  sulphate  of  potassium,  2^  per  cent,  of  which  are 
sufficient  to  increase  the  gravity  of  the  concentrated  acid  to  r86o. 
But  whether  sulphuric  acid  has  been  sophisticated  or  not  may  at 
once  be  detected  simply  by  evaporating  a given  weight  of  the 
sample  in  a platinum  capsule.  The  dry  residuum  should  not 
exceed  1 per  cent. 

When  sulphuric  acid  contains  sulphate  of  lead,  it  becomes 
turbid  by  dilution  with  water ; because  sulphate  of  lead,  though 
soluble  in  the  concentrated  acid,  is  insoluble  in  that  which  is 
diluted,  and  may  be  at  once  removed  by  filtering.  The  presence 
of  sulphate  of  lead  may  likewise  be  detected  by  passing  a stream 
of  sulphuretted  hydrogen  through  it,  for  in  that  case  it  becomes 
blackish  or  brown. 

The  presence  of  arsenic,  or  of  arsenious  acid,  is  detected  also  by 
a stream  of  sulphuretted  hydrogen,  which,  in  that  case,  will  pro- 
duce a yellow  precipitate  soluble  in  hydro-sulphuret  of  ammonia. 
According  to  M.  Dtjpasqjtier,  when  sulphuric  contains  arsenic  it 
may  be  purified  by  treatment  with  sulphide  of  barium,  which 
produces  sulphate  of  barium  and  sulphide  of  arsenic,  both  of 
which  are  insoluble  in  the  acid. 

The  presence  of  tin  is  detected  also  by  sulphuretted  hydrogen, 
which,  in  that  case,  produces  a brown  precipitate. 

The  presence  of  nitric  acid  is  detected  by  pouring  into  the  acid, 
without  diluting  it,  a solution  of  protosulphate  of  iron,  which  will 
then  produce  a brown  or  blackish-brown  colour,  which  however 
disappears  after  some  time  ; or,  by  adding  a few  drops  of  solution 
of  indigo,  and  boiling  the  whole,  in  which  case  the  blue  colour 
will  be  destroyed ; or,  by  immersing  copper  trimmings  into  it, 
which  will  produce  a disengagement  of  ruddy  fumes;  or,  by 
adding  a small  portion  of  narcotine,  which  will  then  produce  an 
intensely  red  colour. 
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The  presence  of  nitrous  compounds  in  sulphuric  acid  is  some- 
times extremely  objectionable  ; for  when  such  an  acid  is  employed 
for  the  purpose  of  dissolving  indigo,  or  of  charring  madder,  a con- 
siderable quantity  of  the  colouring  matter  may  he  irretrievably 
destroyed  and  lost.  Nitrous  compounds  can  exist  in  sulphuric 
acid  only  when  the  latter  has  not  been  brought  to  the  proper 
degree  of  concentration,  though  nitric  acid  is  sometimes  added  for 
decolorizing  sulphuric  acid  which  has  been  tinged  by  organic  im- 
purities. For  the  purpose  of  eliminating  the  nitrous  compounds 
which  may  contaminate  sulphuric  acid,  Pelottze  recommends  to 
heat  the  acid  with  a small  quantity  of  sulphate  of  ammonium, 
the  result  being  a formation  of  water  and  nitrogen. 

SULPHURIC  ACID  OP  NOHBHAUSHI7  (Fuming:  Sul- 
phuric Acid,  Fuming:  Oil  of  Vitriol). — The  sulphuric  acid  of 
Nordhausen  may  be  considered  either  as  a solution  of  anhydrous 
sulphuric  acid  in  the  monohydrated,  or  ordinary  sulphuric  acid, 
or  as  a combination  of  two  equivalents  of  anhydrous  sulphuric  acid 
with  one  equivalent  of  water.  It  is  an  oily  liquid,  ordinarily  of  a 

brown  colour,  of  specific  gravity  1-9.  The  brownish  colour  is  due 
to  the  presence  of  organic  matter  which  has  been  charred  by  the 
acid.  The  anhydrous  sulphuric  acid  which  the  fuming  acid  holds 
in  solution  is  very  volatile,  and  the  fuming  property  of  the  acid  is 
due  to  the  volatilization  of  the  anhydrous  acid  which  always 
escapes  at  the  ordinary  temperature  from  its  solution,  and  which, 
combining  with  the  moisture  of  the  atmosphere,  is  condensed  in 
the  form  of  fumes.  The  sulphuric  acid  of  Nordhausen  dissolves 
indigo  much  more  readily  than  ordinary  sulphuric  acid ; and, 
moreover,  as  it  never  contains  any  nitric  acid,  which  destroys 
indigo,  it  is  often  employed  in  preference  for  that  purpose.  The 
sulphuric  acid  of  Nordhatjsen  always  contains  sulphurous  acid, 
earthy  matter,  and  also  selenium.  The  mode  of  testing  the  purity 
or  strength  of  the  fuming  acid  is  the  same  as  we  have  described 
for  the  ordinary  acid. 

SWEETMEATS.  See  BLANC  MANGE. 

TARTAR  EMETIC.  See  Antimony. 

tartaric  acid. — Tartaric  acid  is  not  altered  by  exposure ; 
it  intumesces  when  heated,  and  then  undergoes  decomposition.  It 
is  soluble  in  water  and  alcohol,  but  its  aqueous  solution  soon  turns 
mouldy. 

Tartaric  acid  is  often  contaminated  by  lime  ; when  this  is  the 
case,  it  fails  in  dissolving  completely  in  alcohol,  which  it  would 
do  if  pure.  The  presence  of  lime  can  be  identified  by  dissolving  a 
portion  of  the  acid  in  water,  neutralizing  with  ammonia,  and  then 
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adding  oxalate  of  ammonium,  which  will  produce  a precipitate  of 
oxalate  of  calcium,  which,  if  in  sufficient  quantity,  may  be  col- 
lected on  a filter,  washed,  dried,  and  moderately  ignited  until  all  the 
carbon  is  burnt ; the  residuum  is  carbonate  of  calcium,  which  may 
then  be  weighed.  50  grains  of  carbonate  of  calcium  represent  28 
of  lime,  or  each  grain  of  carbonate  of  calcium  contains  0-56292 
grain  of  lime. 

As  tartaric  acid  is  prepared  by  decomposing  the  bitartrate 
of  potassium  by  carbonate  of  calcium,  so  as  to  obtain  a tartrate  of 
calcium,  which  is  subsequently  decomposed  by  sulphuric  acid,  the 
tartaric  acid  of  commerce  generally,  or  at  least  very  often,  retains 
a small  quantity  of  sulphuric  acid,  the  presence  of  which  is 
detected  by  dissolving  a portion  of  the  tartaric  acid  under  examina- 
tion in  water,  and  pouring  into  the  solution  a few  drops  of  chloride 
of  barium,  which  will  produce  a white  precipitate  of  sulphate  of 
barium,  if  sulphuric  acid  be  present,  in  which  case  chloride  of 
barium  should  be  added  as  long  as  it  produces  a precipitate,  which 
may  then  be  collected  on  a filter,  washed,  dried,  and  weighed.  1 17 
grains  of  sulphate  of  barium  represent  40  grains  of  sulphuric  acid, 
or  each  grain  of  sulphate  of  barium  obtained  is  equivalent  to 
0-34372  grain  of  sulphuric  acid. 

Tartaric  acid  is  often  adulterated  with  bitartrate  of  potassium 
(cream  of  tartar) ; this  fraud  is  easily  detected  by  the  residuum 
of  carbonate  of  potassium  which  is  left  after  ignition  in  a platinum 
crucible. 

TARTRATE  OF  ANTIMONY  AND  POTASH  (Tartar 

Emetic).  See  Antimony. 

tea. — The  following  article  on  the  adulterations  of  this  im- 
portant beverage,  from  the  Times  of  January  19,  1874,  is  well 
worth  preserving : — 1 The  time  has  gone  by  in  which  tea  could 
be  treated  and  talked  of  as  one  of  the  luxuries  of  highly  civilized 
existence.  Two  centuries  ago  it  was  a costly  curiosity,  sold  in 
small  parcels  at  from  forty  to  eighty  times  the  price  it  fetches  at 
the  present  day.  In  “ Anne’s  Augustan  age”  it  was  an  aristocratic 
beverage,  sipped  by  wits  and  poets,  by  great  statesmen  and  court 
beauties,  around  fashionable  tables,  out  of  rare  porcelain.  It  was 
long  before  it  conquered  the  prejudices  and  won  over  the  tastes  of 
the  mass  of  the  English  people  ; but  its  victory,  if  slow,  was  sure 
and  steady.  Tea  worked  its  way  down  through  all  the  grades  of 
society,  in  spite  of  the  clamorous  contempt  of  Squire  Western, 
the  vigorous  denunciations  of  Cobbett,  the  instincts  of  national 
Conservatism,  and  the  sturdy  rivalry  of  beer.  It  may  be  broadly 
affirmed  that  there  is  now  no  class  of  the  population  that  cannot 
be  properly  described  as  tea-drinking.  It  merits  eulogy  as  an 
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universal  comforter  far  better  than  its  ally,  sugar,  on  which 
Mr.  Lowe  bestowed  not  long  ago  such  extravagant  praise.  It  is 
the  constant  and  indispensable  drink  of  women  of  every  rank,  and 
is  scarcely  less  appreciated  by  the  stronger  sex.  This  unexampled 
popularity  of  a foreign  luxury  has  had  economical  results  com- 
parable for  magnitude  with  the  social  changes  it  has  wrought. 
Nor  are  there  any  signs  of  slackening  in  this  development.  In 
1866  the  import  of  tea  into  this  country  had  reached  what  was 
then  considered  the  amazing  figure  of  121,000,000  lb.,  the  esti- 
mated value  being  10,000,000/. ; but  the  average  importation  in 
the  three  years  1868-70  had  risen  to  145,000,0001b.,  and  in  1872 
the  quantity  of  tea  actually  sent  from  China  alone  to  the  ports  of 
the  United  Kingdom — not  including  the  Assam  and  other  Indian 
growths  or  the  fancy  teas  of  foreign  countries — was  not  less  than 
152,283,8471b. 

‘This  immense  consumption  makes  the  purity  and  wholesome- 
ness of  the  leaf  a matter  of  the  first  consequence  to  the  people  of 
these  kingdoms.  In  spite  of  the  warnings  of  some  fanatical 
physiologists,  we  have  settled  down  in  the  comfortable  assurance 
that  tea,  if  unadulterated,  is  a beneficial  as  well  as  a pleasant 
element  in  our  diet.  But  we  have  only  too  good  reasons  for  call- 
ing in  question  the  genuineness  and  innocence  of  a great  part  of 
the  supply  commonly  retailed  in  England.  Since  the  Adulteration 
Act  has  come  into  operation,  several  large  seizures  of  various 
mixtures  pretending  to  be  tea,  and  the  labours  of  competent 
analysts,  have  brought  to  light  the  existence  of  adventitious  ele- 
ments, many  of  them  injurious  to  health,  most  of  them  disgusting, 
and  all  of  them  intended  to  defraud  the  ignorant  or  careless 
purchaser.  The  sale  of  such  spurious  products  comes  within  the 
scope  of  the  Adulteration  Act,  whether  we  regard  that  measure 
as  designed  for  the  protection  of  the  public  health  or  for  the 
repression  of  commercial  dishonesty.  But  it  is  obvious  that  the 
iniquitous  traffic  can  only  be  kept  in  bounds  by  the  imposition  of 
frequent  and  severe  penalties  upon  the  offenders ; and  here  we  are 
met  by  an  objection  which,  appealing  to  our  sense  of  justice  and 
fair  play,  compels  us  to  pause.  The  retail  grocers,  who  are  of 
course  the  persons  on  whom  the  law  lays  its  grasp  when  the  sale 
of  adulterated  tea  is  detected,  protest  that  they  are  made  respon- 
sible for  fraudulent  practices  to  which  the  article  was  subjected 
before  it  came  into  their  hands,  the  results  of  which  they  profess 
themselves  incapable  of  detecting,  and  for  which  they  disclaim 
any  responsibility.  The  wholesale  dealers  put  forward  in  sub- 
stance the  same  plea.  They  allege  that  the  spurious  tea  which 
is  complained  of,  and  which  has  been  the  subject  of  recent  prose- 
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cutions,  is  in  fact  adulterated  in  China.  There  seems  to  he  no 
doubt  that  this  allegation  is  founded  on  fact.  Chests  of  tea  have 
been  taken  out  of  bond  at  the  Customhouse  by  the  Commissioners 
of  Sewers  of  the  City  of  London  and  condemned  by  a magistrate 
as  spurious.  It  is  only  natural  that  the  small  traders  should  cry 
out  that  the  new  law  punishes  the  innocent,  while  it  fails  to  reach 
the  guilty.  Several  influential  Chambers  of  Commerce  aud 
Traders’  Associations  have  called  upon  the  Government  to  inter- 
fere by  stopping  the  importation  of  all  adulterated  tea.  This,  at 
first  sight,  appears  but  reasonable.  All  the  tea  that  is  imported 
into  this  country  passes,  for  duty-levying  purposes,  through  the 
hands  of  the  Government,  and  as  the  Government  draws  a large 
revenue  from  all  that  nominally  enters  our  ports  as  tea,  it  is 
argued  that  the  genuineness  of  the  article  on  which  the  duty  is 
levied  should  in  some  sense  be  guaranteed.  The  Government  does 
not  pretend  to  impose  a Customs  duty  on  red  earth,  black-lead, 
Prussian  blue,  the  sweepings  of  floors,  or  the  other  spurious  in- 
gredients in  “ Lie  Tea,”  as  the  Chinese  call  it.  It  is  tea,  and  tea 
only,  that  is  taxed ; and  the  dealer  contends  that  he  has  a right  to 
be  assured  that  the  article  on  which  he  pays  duty  is  that  which  it 
professes  to  be. 

1 An  interesting  correspondence  which  was  communicated  last 
week  by  the  Home  Office  to  the  Vestry  of  Marylebone  shows, 
however,  that  there  is  another  aspect  of  the  matter  which  cannot 
be  left  out  of  consideration.  The  Vestry,  like  many  other  bodies 
of  the  same  class,  had  memorialised  the  Board  of  Trade,  suggest- 
ing the  propriety  of  taking  measures  for  preventing  the  importa- 
tion of  adulterated  food.  In  reply,  the  Home  Office  forwards 
two  Reports  from  the  Commissioners  of  Customs  to  the  Treasury 
on  the  subject — the  one  sent  in  something  more  than  two  years 
ago,  and  the  other  about  three  weeks  since.  The  tone  of  these 
Reports  is  strongly  adverse  to  the  assumption  of  any  such  re- 
sponsibility by  the  Government  as  had  been  demanded  by  the 
aggrieved  retailers.  Sir  Thomas  Fkemantle  and  his  colleagues 
expressed  a very  strong  opinion  that  the  existing  staff  of  the 
Customs  was  neither  adequate  in  point  of  numbers  nor  competent 
in  point  of  knowledge  to  make  such  an  examination  of  imported 
tea  and  similar  articles  as  would  with  a certainty  detect  and 
exclude  spurious  products.  This  cannot  be  denied;  but  it  is 
urged,  on  the  other  hand,  that  the  staff  may  be  increased  and 
supplemented  by  a body  of  professional  analysts  ; and,  if  the  duty 
of  the  Government  to  guarantee  the  purity  of  imported  articles  be 
conceded,  the  expense  will  not  be  allowed  to  stand  in  the  way. 
A more  serious  objection  is  that  the  necessary  interference  with 
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the  trade  consequent  on  the  establishment  of  any  system  of  in- 
spection in  bond  would  deal  a blow  at  British  commerce  by 
diverting  from  our  ports  the  large  quantity  of  tea,  amounting  on 
the  average  to  more  than  30,000,000  lbs.  per  annum,  which  is 
intended  to  be  re-exported,  and  which,  if  delayed  or  exposed  to 
the  risk  of  confiscation,  would  be  certainly  warehoused  by  pre- 
ference in  foreign  countries.  We  confess  we  do  not  think  much 
of  the  difficulty  of  deciding  what  is  and  what  is  not  adulterated 
tea  ; a few  simple  rules  could  be  easily  drawn  up  for  the  guidance 
of  inspectors  or  analysts,  which  would  protect  “.gunpowder,” 
green  teas,  or  “ orange-scented  Pekoe”  against  the  penalties  which 
would  rightly  attach  to  “ Lie  Tea.”  In  fact,  it  appears  to  us  that 
the  commercial  argument  against  inspection  is  the  only  one  which 
deserves  consideration.  The  Commissioners  of  Customs,  in  their 
second  Report,  evidently  feel  that  the  extensive  powers  for  the 
suppression  of  adulteration  now  intrusted  to  the  Local  Govern- 
meut  Board  relieve  them  from  a very  onerous  responsibility ; and, 
doubtless,  if  the  inspection  of  imported  teas  and  similar  articles  of 
food  should  be  made  compulsory,  it  will  be  most  effectively  con- 
ducted by  officers  trained  in  the  art  of  analysis,  and  subject  to  the 
rule  of  Mr.  Stan  feld’s  Department.  We  find  little  difficulty  in 
agreeing  with  the  Marylebone  Vestry  in  the  suggestion  that  “ the 
Government  might  frame  regulations  which  would  protect  the 
public  to  a very  great  extent,  and  prevent  in  a great  measure  the 
delivery  from  the  Customs  of  adulterated  tea  and  other  produce.” 
Only,  when  such  regulations  are  being  considered,  their  effect  on 
the  import  trade  must  be  taken  into  account.  In  the  meantime 
we  may  hint  that  the  retail  dealers,  however  innocent  of  the 
offences  for  which  they  have  been  prosecuted  and  punished,  may 
easily  clear  their  characters  by  declining  to  deal  with  wholesale 
tea-merchants  who  will  not  guarantee  the  purity  of  the  article 
they  supply.  The  wholesale  merchants  have  both  in  China  and 
at  home  abundant  opportunities  of  ascertaining  whether  the 
produce  they  sell  is  genuine  or  not.  If  they  sell  adulterated 
produce,  they  do  so  knowingly,  or  with  that  crass  negligence 
which  the  law  considers  equally  culpable  with  wilful  wrong. 
The  public,  too,  may  protect  themselves  by  insisting,  wherever  it 
is  possible,  on  a guarantee,  and  by  exacting  without  flinching  the 
penalties  that  have  been  enacted  for  the  repression  of  this  wicked 
sort  of  dishonesty.’ 

Adulteration  of  Tea. — Mr.  Alfred  II.  Allen  (who  has  con- 
tributed some  valuable  articles  on  1 Chemistry  applied  to  the 
Detection  of  Adulterations’  to  the  ‘Chemical  News’)  arranges 
the  adulteration  of  tea  under  four  heads : — 1.  Mineral  additions 
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used  for  increasing  weight  or  bulk ; 2.  Organic  additions,  used 
for  increasing  weight  or  bulk  ; 3.  Adulterations  used  for  impart- 
ing fictitious  strength ; 4.  Facings,  or  colouring  materials. 

Mr.  Allen  gives  the  following  scheme  for  the  detection  of 
these  adulterations  (see  1 Chem.  News,’  Nos.  751  et  seq.)  : — 

1.  Mineral  Adulterations  used  for  Increasing  Weight  or  Bulk. — 
Magnetic  matter  is  best  detected  by  pounding  a known  weight  of 
the  tea  (say  16  grammes),  and  placing  it  on  a sheet  of  glazed 
paper.  A magnet  is  applied  to  the  under  side  of  the  paper,  and 
moved  laterally  with  its  poles  in  contact  with  the  paper ; any 
magnetic  matter  is  thus  readily  drawn  out,  and  separated  from  the 
tea.  The  use  of  the  magnet  should  be  continued  till  nothing 
more  follows  it.  The  magnetic  matter  is  next  boiled  with  water 
for  a few  minutes,  to  separate  adherent  organic  particles,  and 
water  is  then  decanted.  The  residue  is  then  weighed,  and 
examined  under  the  microscope  as  an  opaque  object.  If  it  consist 
of  magnetic  oxide  or  titanate  of  iron,  a crystalline  facet  will 
probably  be  apparent,  the  bulk  of  the  object  having  a jet-black 
colour.  Occasionally,  though  very  rarely,  metallic  iron  is  present. 
This  is  distinguished  from  the  minerals  by  the  action  of  mode- 
rately concentrated  nitric  acid  (sp.  gr.  i‘2),  which  dissolves  it 
with  the  production  of  red  fumes,  but  does  not  affect  the  native 
compounds.  Metallic  iron  is  also  distinguished  by  its  power  of 
precipitating  metallic  copper  when  warmed  with  an  acidulated 
solution  of  sulphate  of  copper.  The  weighing  of  the  matter 
actually  extracted  by  a magnet  is  far  more  satisfactory  than  the 
estimation  of  the  iron  existing  in  the  tea.  Tea  naturally  contains 
a small  portion  of  iron  as  phosphate , but  it  only  amounts  to 
about  3 per  cent,  of  the  weight  of  the  ash  (calculated  as  iron),  or 
about  o1 1 6 per  cent,  of  the  whole  tea.  Of  course  this  is  not 
affected  by  the  magnet,  the  use  of  which  has  the  additional 
advantage  of  extracting  the  extraneous  iron  in  the  state  in 
which  it  naturally  exists. 

Caper  teas  are  very  frequently  adulterated  with  magnetic 
matter,  sometimes  to  the  extent  of  7 or  8 per  cent.  Many  tea- 
dealers  habitually  employ  the  magnet,  the  use  of  which  is  well 
known  to  the  trade. 

Siliceous  matter  is  readily  detected  and  estimated.  Commence 
by  igniting  two  or  three  grammes  of  the  tea  in  a platinum  dish 
till  all  organic  matter  is  consumed,  and  then  weighing  the  ash. 
The  percentage  of  this  at  once  indicates  the  presence  or  absence  of 
extraneous  siliceous  matter,  provided  that  no  magnetic  matter  be 
present.  The  ash  of  genuine  tea  varies  from.  5^24  to  6‘Oo  per 
cent.  Owing  to  the  presence  of  steatite  in  the  facings  of  some 
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green  teas  (especially  gunpowder),  the  ash  of  these  sometimes 
reaches  nearly  8 per  cent. 

For  the  estimation  of  the  amount  of  extraneous  silica,  the  ash 
should  he  well  boiled  with  water  and  the  liquid  filtered  (the  pro- 
portion of  soluble  ash  being  a valuable  criterion  of  the  presence  of 
exhausted  leaves).  The  residue  is  washed  oft’  the  filter,  or  the 
paper  ignited  and  boiled  with  concentrated  hydrochloric  acid. 
The  extraneous  silica,  consisting  of  quartzose  particles  and  in- 
soluble silicates,  is  left  undissolved,  and  after  collection  on  a 
filter,  washing,  and  ignition,  it  may  be  weighed.  ‘ Caper  tea  ’ is 
the  kind  most  frequently  adulterated  with  siliceous  matter,  the 
amount  added  sometimes  reaching  1 5 or  20  per  cent.  Frequently 
the  silica  exists  in  the  form  of  quartz-fragments  of  very  sensible 
size.  Tea-dealers  are  well  aware  of  the  existence  of  this  adultera- 
tion, and  of  the  class  of  teas  most  subject  to  it;  and  they  know 
that  if  present  they  will  see  the  sand,  &c.  at  the  bottom  of  the 
vessel  in  which  the  tea  is  infused. 

If  desired,  the  iron  can  be  estimated  in  the  hydrochloric  solu- 
tion by  one  of  the  volumetric  methods.  (See  Iron.) 

2.  Organic  Adidtei'ations  used  for  increasing  W eight  and  Bulk. — 
These  are — exhausted  tea-leaves,  and  leaves  other  than  those  of 
the  tea  plant.  The  chemical  methods  for  the  detection  of  these 
adulterants  are  much  the  same ; but  in  the  latter  case  we  have 
also  the  botanical  characters  of  the  leaf  to  rely  on,  and  these  are 
sufficiently  definite  to  enable  us  to  form  an  opinion  quite  inde- 
pendently of  the  analytical  results. 

Exhausted  tea-leaves  are  leaves  which  have  been  previously 
infused  in  water  and  then  redried,  with  or  without  the  addition  cf 
gum  or  starch. 

It  is  evident  that  the  effect  of  infusing  tea-leaves  in  water  is 
to  extract  the  greater  part  of  the  soluble  constituents  of  the  tea, 
and  that  redried  leaves  will  have  a composition  widely  different 
from  that  of  the  original  tea. 

The  two  principal  constituents  extracted  from  tea  by  bet 
water  are  tannin  and  gum  ; more  or  less  colouring  matter,  soluble 
salts,  theine,  &c.,  being  also  dissolved. 

Tannin. — Of  the  soluble  constituents,  tannin  is  by  far  the 
most  important  and  constant  ; but  unfortunately,  until  recently, 
the  methods  of  estimating  its  amount  were  very  unsatifactory,  the 
whole  of  the  soluble  extract,  after  allowing  for  the  gum,  having 
sometimes  been  called  tannin. 

Black  tea  differs  from  green  tea  in  the  method  of  its  manu- 
facture, the  leaves  being  allowed  to  undergo  a kind  of  fermentation 
when  black  tea  is  to  be  produced.  During  this  fermentation  a 
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portion  of  the  tannin  becomes  altered,  with  the  production  of 
dark-coloured  insoluble  matter,  so  that  black  tea  is  found  to 
contain  a higher  percentage  of  insoluble  matter,  and  a lower 
percentage  of  tannin,  than  green  tea — the  sum  of  the  two 
constituents  being  moderately  constant.  By  the  process  of  fer- 
mentation the  remaining  tannin  undergoes  a curious  change,  for 
the  tincture  of  green  tea  precipitates  perchloride  of  iron  bluish- 
black , while  tincture  of  black  tea  gives  a green  colour  with  iron, 
just  as  catechu  does.  If  excess  of  ammonia  be  added  to  either 
coloured  test,  a soluble  oxidation  product  is  formed  of  a deep 
blue  colour. 

Estimation  of  Tannin. — After  reviewing  the  different  methods 
that  have  been  proposed,  Mr.  Allen  gives  the  following  pro- 
cess:—5 grammes  of  acetate  of  lead  are  dissolved  in  water  and 
diluted  to  I litre,  and  the  solution  filtered  after  standing.  The 
indicator  is  made  by  dissolving  5 milligrammes  of  pure  ferri- 
cyanide  of  potassium  in  5 c.c.  of  water,  and  adding  an  equal  bulk 
of  strong  solution  of  ammonia.  One  drop  of  this  test  will  detect 
0001  milligramme  of  tannin,  or  1 milligramme  dissolved  in 
100  c.c.  of  water. 

The  precipitating  power  of  the  lead  solution  is  ascertained  by 
diluting  10  c.c.,  of  it  to  about  100  c.c.  with  boiling  water,  and 
adding  to  it  from  a burette  a solution  of  o'l  grin,  of  pure  tannin 
in  100  c.c.  of  water.  After  adding  10  c.c.  of  the  latter  solution, 
about  1 c.c.  of  the  liquid  is  withdrawn  with  a pipette  and  passed 
through  a small  filter,  the  drops  being  allowed  to  fall  on  to  spots 
of  the  indicatory  solution  previously  placed  on  a porcelain  slab. 
If  no  pink  colouration  is  observed,  another  small  addition  of  the 
tannin  solution  is  made,  a small  portion  of  the  liquid  filtered  and 
added  to  the  indicator  as  before,  the  process  being  repeated  till  a 
pink  colour  is  observed.  The  greatest  delicacy  is  obtained  when 
the  drops  of  liquid  from  the  funnel  are  allowed  to  fall  directly  on 
to  the  spots  of  the  indicator  instead  of  observing  the  point  of 
junction  of  the  liquids. 

The  reaction  being  complete,  a second  estimation  is  made; 
and  in  this  case  almost  the  full  volume  of  tannin  solution  can  be 
added  at  once.  It  is  necessary  to  use  the  purest  tannin  for  the 
purpose,  as  a serious  error  may  otherwise  occur,  some  samples  of 
commercial  tannin  having  little  more  than  half  the  precipitating 
power  of  the  best. 

Exactly  the  same  process  is  employed  for  estimating  the 
tannin  in  tea.  The  solution  is  prepared  by  boiling  2 grammes  of 
the  finelj'-powdered  sample  with  about  80  c.c.  of  water  for  half 
an  hour.  The  decoction  is  strained  through  fine  muslin,  the 
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particles  of  leaf  returned  to  the  flask,  and  the  boiling  resumed  for  an 
hour  with  the  same  quantity  of  water.  The  process  is  repeated  till 
no  more  colouring  matter  is  extracted.  The  whole  of  the  solution 
is  set  aside,  to  allow  any  particles  that  may  have  passed  through 
the  muslin  to  subside,  when  the  liquid  is  decanted  from  the  sedi- 
ment, the  last  portions  passed  through  a filter,  and  the  whole 
decoction  made  up  to  250  c.c.  This  diluted  solution  is  ready 
for  use  in  the  burette,  the  remainder  of  the  process  only  occupy- 
ing a few  minutes. 

The  volume  of  tannin,  or  tea  solution — it  is  necessary  to  add  to 
100  c.c.  of  pure  water  in  order  that  a drop  may  give  the  pink 
reaction  with  the  ferricyauide — is  subtracted  from  the  total  amount 
run  from  the  burette.  If  the  solutions  are  made  of  the  strength 
here  described,  10  c.c.  of  the  lead  solution  will  precipitate  about 
10  milligrammes  of  pure  gallo-tannic  acid,  and  therefore  the 
volume  of  tea  solution  added  contains  o'oi  grm.  of  tannin.  If  all 
the  weights  and  volumes  above  mentioned  are  observed,  125 
divided  by  the  number  of  c.c.  of  tea  solution  used  will  give  the 
percentage  of  tannin,  &c.  in  the  sample. 

Even  after  infusion  tea-leaves  still  contain  a sensible  quantity 
of  tannin,  which  varies  from  1 to  4 per  cent,  according  to  the 
extent  of  the  previous  treatment.  The  usual  amount  is  about  3 
per  cent.  Taking  the  tannin  in  fresh  teas  at  10  per  cent.,  and  in 
exhausted  leaves  at  2 per  cent.,  the  extent  to  which  a sample  is 
adulterated  would  be  found  approximately  by  the  following  ' 
equation,  in  which  E is  the  percentage  of  exhausted  leaves,  and  1 
the  percentage  of  tannin  found  : — 

(10  — t)  ioo 


Insoluble  Matter. — When  tea  in  its  commercial  condition  is 
boiled  repeatedly  in  fresh  quantities  of  water  till  the  liquid  no 
longer  becomes  coloured,  the  residual  leaves,  when  thoroughly 
dried,  weigh  about  50  per  cent,  of  the  original  tea,  if  green,  and 
about  60  per  cent,  if  black.  A large  number  of  analyses  have 
shown  that  this  proportion  of  insoluble  matter  is  very  constant, 
even  in  teas  of  very  different  qualities;  but  in  broken  teas  the 
insoluble  matter  is  less  than  in  unbroken,  and  the  percentage  more 
constant:  therefore,  in  estimating  the  amount  of  insoluble  matter 
in  tea,  it  should  be  always  done  with  pounded  tea,  most  con- 
veniently by  drying  the  residue  left  after  filtration  of  the  tannin 
solution  at  about  ioo°  till  the  weight  is  constant.  When  the 
process  is  repeated  on  the  same  tea,  the  results  agree  extremely 
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closely  with  the  previous  estimation,  rarely  showing  a difference 
of  0-5  per  cent. 

The  estimation  of  insoluble  matter  is  of  importance,  as  a means 
of  forming  an  opinion  as  to  the  presence  or  absence  of  exhausted 
leaves.  The  percentage  of  insoluble  matter  contained  in  pounded 
previous ly  infused  black  tea-leaves  varies  between  72  and  75  per 
cent. 

Gum. — This  is  determined  by  evaporating  the  aqueous  decoc- 
tion of  the  tea  almost  to  an  extract,  treating  the  residue  with 
methylated  spirit,  and  filtering  and  washing  with  spirit.  The  gum 
is  rinsed  off  the  filter  with  hot  water,  the  solution  evaporated  at  a 
steam  heat,  and  the  residue  weighed,  ignited,  and  weighed  again. 
The  loss  represents  the  gum.  If  the  ignition  is  omitted,  the 
results  are  too  high,  owing  to  the  presence  of  mineral  matter. 

Soluble  Ash. — This  is  determined  by  evaporating  the  aqueous 
solution  of  the  ash  and  gently  igniting  the  residue,  which  must 
he  cooled  under  a desiccator.  It  is  scarcely  ever  below  3-00  per 
cent.,  while  exhausted  leaves  do  not  yield  more  than  C52  per  cent. 
The  percentage  of  ash  soluble  in  water  is  therefore  a valuable 
independent  indication  of  the  presence  of  exhausted  and  foreign 
leaves. 

3.  Adulterants  used  for  imparting  a Fictitious  Strength. — These 
are — extraneous  tannin  matters,  such  as  catechu,  lie-tea,  soluble 
salts  of  iron,  and  possibly  alkaline  carbonates. 

Extraneous  tannin  matters,  when  used  in  excess,  will  be  in- 
dicated by  an  abnormally  high  percentage  of  tannin.  Strong 
infusions  of  genuine  teas,  with  the  exception  of  some  kinds  from 
India,  are  quite  clear,  and  do  not  become  muddy  on  cooling.  Tea 
adulterated  with  catechu  gives  an  infusion  which  quickly  becomes 
turbid  on  cooling.  Under  the  microscope,  catechu  may  often  be 
recognised  by  its  structure,  and  by  the  presence  of  acicular 
crystals.  By  the  following  chemical  tests,  which  Mr.  Alleit  con- 
siders to  be  tolerably  reliable,  the  presence  of  catechu  may  be 
detected  : — 1 gramme  of  the  pure,  and  the  same  quantity  of  the 
suspected  tea,  are  infused  in  100  c.c.  of  water,  strained  away  from 
the  leaves,  and  precipitated  while  boiling  with  a slight  excess  of 
neutral  acetate  of  lead.  The  filtered  solutions  exhibit  the  follow- 
ing characteristic  differences : — About  20  c.c.  of  the  solution  of 
pure  tea,  when  treated  with  a few  drops  of  nitrate  of  silver 
(avoiding  excess),  and  cautiously  heated,  give  but  a very  slight 
greyish  cloudiness  or  precipitate  of  reduced  silver;  but  the  same 
tea,  containing  2 per  cent,  of  catechu  (purposely  added),  gives  a 
copious  brownish  precipitate,  the  liquid  acquiring  a distinctly 
yellowish  tinge.  When  the  proportion  of  catechu  is  somewhat 
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larger,  the  filtrate  from  the  lead  precipitate  gives  a bright  green 
colour  on  adding  one  drop  of  dilute  chloride  of  iron  ; while  the 
solution  of  pure  tea  gives  only  a slight  reddish  colour,  due  to 
the  presence  of  acetate.  On  allowing  this  liquid  to  stand,  the 
adulterated  tea  gives  a precipitate  of  a greyish  or  olive-green 
colour,  the  pure  tea  solution  undergoing  no  change. 

Lie-tea  consists  of  the  dust  of  tea  or  other  leaves  mixed  with 
clay,  saud,  iron-ore,  See.,  and  made  into  irregular  masses  by  means 
of  gum  or  starch ; it  is  probably  composed  of  the  general  sweep- 
ings of  the  manufactories,  and  if  so  its  nature  will  vary  according 
to  circumstances.  When  put  into  hot  water,  it  disintegrates  and 
falls  to  powder,  in  consequence  of  the  solution  of  the  gum  or 
starch  used  for  procuring  the  adhesion  of  the  other  materials. 
The  iodine  test  for  starch  may  he  applied  to  the  liquid,  after 
acidifying  with  sulphuric  acid  aud  decolorizing  with  per- 
manganate. The  ash  of  lie-tea  is  often  as  high  as  30  or  40  per 
cent. 

Caper-tea  is  the  name  given  to  tea  which  has  been  made  up 
into  little  glossy  masses  by  the  aid  of  gum  or  starch  ; it  is  often 
glazed  with  graphite.  That  from  the  Canton  district  is  invariably 
adulterated  with  sandy  and  magnetic  matter,  and  often  with 
extraneous  astringents  and  foreign  leaves.  The  insoluble  matter 
in  caper-tea  is  usually  considerably  less  than  in  genuine  tea : the 
gum  often  amounts  to  1 5 or  20  per  cent. 

Soluble  iron  salts  are  sometimes  added  to  tea,  to  give  an 
appearance  of  strength  by  the  formation  of  a dark-coloured 
tannate  of  iron.  They  may  he  detected  by  shaking  the  powdered 
leaves  with  cold  dilute  acetic  acid,  decanting  or  filtering,  and 
testing  the  liquid  for  iron  by  ferrocyanide  of  potassium. 

Facings  and  Colouring  Materials. — Sometimes  colouring  matters 
have  been  used  extensively  for  transforming  black  tea  of  low 
quality  into  superior  green.  Except  in  cases  of  this  kind,  where 
there  is  a direct  fraud  on  the  purchaser  by  giving  the  tea  a 
fictitious  appearance  of  value,  it  seems  doubtful  how  far  the 
facing  of  tea  can  he  considered  an  adulteration,  as  it  does  not  add 
appreciably  to  the  weight  of  the  article,  and  is  not  injurious  to 
health. 

If  a portion  of  the  tea  he  observed  under  the  microscope  as  an 
opaque  object,  the  nature  of  the  materials  used  in  the  facing  may 
often  be  recognised  at  once.  When  a faced  tea  is  treated  with 
warm  water,  the  colouring  matters  become  detached,  and  the 
small  portions  rising  to  the  surface  may  he  floated  on  to  a glass 
slide,  and  at  once  examined  under  a microscope,  while  the  bulk  of 
the  facing  is  obtained  as  a sediment  when  the  strained  liquid  is 
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allowed  to  stand.  This  deposit  has  often  a distinct  greenish 
colour,  from  the  presence  of  Prussian  blue  or  indigo.  The  latter 
of  these  is  best  recognised  by  the  microscope ; but  the  mineral 
pigment  is  detached  by  warming  the  tea  with  caustic  alkali, 
filtering,  strongly  acidifying  the  filtrate  with  hydrochloric  acid, 
filtering  again  if  necessary,  and  testing  the  clear  liquid  for  ferri- 
cyanide  with  perchloride  of  iron.  On  treating  the  sediment  with 
alkali  it  is  sure  to  turn  brown,  but  this  must  not  be  taken  as  a 
proof  of  the  presence  of  Prussian  blue.  The  residue  left  after 
the  treatment  with  caustic  alkali  should  be  treated  with  hydro- 
chloric acid,  and  the  insoluble  portion  washed,  ignited,  and  fused 
with  alkaline  carbonate.  In  the  product,  silica  is  separated  by  solu- 
tion in  hydrochloric  acid,  evaporation  to  dryness,  and  re-solution  in 
weak  acid,  the  filtrate  precipitated  by  ammonia  and  oxalate  of 
ammonium,  and  the  liquid  filtered  from  this  precipitate  tested  for 
magnesium  by  phosphate  of  sodium.  Its  detection  here  proves 
the  presence  of  steatite  or  other  magnesian  silicate,  the  use  of 
which  gives  the  tea  a peculiar  smooth  appearance  and  slippery 
feel.  Arsenite  of  copper,  chrome  yellow,  and  Dutch  pink,  are  also 
said  to  have  been  used  as  facings,  and  sulphate  of  calcium  is  often 
employed. 

4.  Moisture. — The  moisture  of  tea  in  the  commercial  condition  Is 
generally  about  6 or  8 per  cent,  of  the  weight.  The  lowest  recorded 
percentage  is  4'94,  and  the  highest  about  10. 

5.  Theine. — The  very  variable  proportion  of  this  substance 
present  in  tea  prevents  the  estimation  from  being  of  much  value 
for  the  detection  of  adulteration ; indeed,  a good  process  for  the 
estimation  of  theine  is  still  a desideratum,  and  Mr.  Allen  proposes 
the  following  as  a method  for  extracting  it  merely  : — 

The  tea  is  finely  powdered  and  mixed  into  a paste  with  slaked 
lime  and  water,  and  allowed  to  rest  for  some  hours,  with  occa- 
sional stirring.  The  mixture  is  next  dried  at  a steam  heat,  and 
repeatedly  treated  with  boiling  benzol,  in  an  apparatus  allowing  of 
the  condensation  of  the  vapour  until  the  more  colouring  matter  is 
extracted. 

The  liquid  is  filtered,  and  the  benzol  distilled  off.  The  residue 
consisting  of  impure  theine  is  boiled  with  water,  and  the  solution 
filtered  while  hot.  On  evaporation  of  the  aqueous  solution,  the 
theine  is  deposited  in  long  silky  crystals  often  grouped  into  tufts. 

This  method  is,  however,  valueless  for  the  determination  of  the 
amount  of  theine  in  tea,  because  some  of  it  is  decomposed  by  the 
lime. 

Certain  kinds  of  tea  are  especially  liable  to  particular  adulter- 
ations, and  therefore  the  examinations  necessary  must  depend  on 
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the  nature  of  the  sample.  Adulterations  by  siliceous  and  magnetic 
matter  is  almost  confined  to  caper , lie,  and  gunpowder- teas,  and 
mixtures  containing  them.  Extraneous  astringents  are  often 
present  in  the  above  classes,  and  occasionally,  also,  in  ordinary 
black  tea.  Exhausted  leaves  are  remade  into  caper  and  gun- 
powder, and  are  also  mixed  with  ordinary  tea.  Foreign  leaves 
are  met  with  in  teas  of  all  classes.  Black  tea  is  sometimes  painted 
and  sold  as  gunpowder-tea. 

The  highest  percentage  of  theine  in  gunpowder-tea  as  yet 
recorded  is  6-21,  the  lowest  1-9,  but  the  common  descriptionsof 
tea  often  contain  as  much  theine  as  the  finest. 

The  highest  percentage  of  tannin  found  by  Allen  in  mixed 
hyson  and  gunpowder  was  19-2,  the  lowest  by  Bell  in  very  fine 
gunpowder,  io-22. 

The  highest  percentage  of  tannin  found  by  Allen  in  black  tea 
(very  strong  Oolong  congou)  was  15 '2;  the  lowest  by  Bell 
(finest  souchong)  9’ 5. 

The  average  of  5 determinations  of  insoluble  matter  in  black 
tea  gave  Bell  a percentage  of  5877.  The  highest  percentage  on 
pounded  tea  (Moning  congou)  was,  according  to  Allen’s  experi- 
ments, 53 -6,  and  the  average  of  13  experiments  490. 

The  following  percentages  of  ash  have  been  obtained  : — Average 
of  7 experiments  (Wanklyn),  575  ; of  9 experiments  (Wilson), 
5-66;  of  24  experiments  (Wigneb),  5 '66 ; of  20  experiments 
(Allen),  575. 

TERRA  JAPONIC  A.  See  CATECHU. 

tin. — Metallic  tin  is  solid,  malleable,  of  a white  colour  very 
much  resembling  that  of  silver,  but  with  a slight  tint  of  yellow, 
and  is  not  sensibly  altered  by  exposure  to  the  air ; it  emits 
a peculiar  crackling  noise  when  bent,  the  intensity  of  which,  how- 
ever, is  considerably  diminished  when  alloyed  with  other  metals. 
It  exhales  a peculiar  metallic  odour  when  rubbed,  and  melts  at 
4420  Fahr. ; its  specific  gravity  varies  from  7*29  to  7‘6,  and  is  not 
augmented  by  hammering.  The  best  kind  of  tin  is  known  in 
commerce  under  the  name  of  grain-tin ; that  called  block-tin  is 
less  pure.  Tin  is  not  volatilizable  by  heat.  It  is  insoluble  in 
nitric  acid,  by  which,  however,  it  is  converted  into  peroxide  of 
tin,  but  is  readily  dissolved  by  hydrochloric  acid. 

Commercial  tin  is  often  contaminated  by  several  metals  with 
which  it  is  accidentally  or  purposely  mixed,  but  which  render  it 
unfit  for  various  purposes;  hence  the  importance  of  ascertaining 
whether  it  is  pure  or  impure.  According  to  Vatjqeelin,  when  tin 
has  a bluish  or  greyish  tinge,  it  is  a sign  of  the  presence  of  copper, 
lead,  iron,  or  antimony. 
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The  best  way  of  ascertaining  the  purity  of  tin  is  by  melting  a 
quantity  in  an  iron  ladle,  and  when  melted  pouring  it  carefully 
either  into  another  large  iron  ladle,  or  in  a porcelain  capsule, 
tilting  it  gently  on  one  side  before  the  metal  has  cooled,  in  order 
to  obtain  a bright  and  perfectly  smooth  surface,  free  from  oxide  or 
impurity.  If  the  convex  surface  of  the  metal  is  of  a perfectly 
white  colour,  free  from  spots  or  wrinkles,  it  is  a sign  of  purity ; 
but  in  the  contrary  case,  or  if  it  has  a bluish,  or  greyish,  or  leaden 
tinge,  presenting  a sort  of  moire  mStallique } then  the  above  metak 
may  be  present. 

If,  however,  by  comparing  the  melted  piece  with  another 
sample  of  tin  known  to  be  pure,  it  is  harder  and  whiter  than  it 
should  be,  the  presence  of  arsenic  is  probable.  Arsenic  con- 
siderably hardens  tin. 

Pure  tin  when  bent  produces  one  single  and  strong  crackling 
noise;  but  if  impure,  the  crackling  noise  is  feeble,  and  gives  the 
idea  of  a tearing  noise,  more  prolonged  than  when  the  metal  is 
pure.  When  this  takes  place,  the  presence  of  lead  or  of  copper 
may  be  inferred. 

If  a piece  of  tin,  being  bent  several  times  backward  and 
forwards,  first  becomes  elongated  before  it  breaks,  and  if  the 
fracture  is  in  points,  and  has  a dead-white  colour  and  looks  soft, 
the  tin  is  pure.  When  lead,  copper,  or  iron  are  present,  the  tin  is 
more  brittle,  and  the  fracture  is  granular  and  grey. 

The  specific  gravity  of  the  tin  is  also  a sign  of  its  purity ; for, 
as  pure  tin  is  lighter  than  the  metals  with  which  it  may  be 
alloyed,  its  specific  gravity  will  of  course  be  so  much  the  greater 
in  proportion  to  the  quantity  of  the  alloy. 

The  nature  of  the  foreign  metals  by  which  tin  is  con- 
taminated may  be  detected  by  dissolving  a portion  of  the  sample 
in  dilute  hydrochloric  acid.  If  brown  flakes  (or  a black  powder) 
are  deposited,  they  are  owing  to  the  presence  of  arsenic. 

If  a portion  of  the  tin,  being  dissolved  in  aqua  regia,  and  the 
solution  filtered  and  diluted  with  water,  produces  a blue  pre- 
cipitate (Prussian  blue),  when  tested  with  solution  of  ferro- 
cyanuret  of  potassium,  iron  is  present. 

If  the  precipitate  produced  by  that  reagent  is  purple,  copper 
and  iron  are  present ; in  which  case  a bar  of  iron  plunged  in  the 
nitric  acid  solution  of  the  tin  will  receive  a coating  of  copper,  if 
that  metal  be  present. 

If  a solution  of  sulphate  of  sodium  produces  a white  pre- 
cipitate, lead  is  present. 

The  amount  of  these  impurities  may  be  determined  as 
follows : — 
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Talce  about  1,000  grains  of  the  sample,  first  reduced  into  small 
bits  or  granulated  (which  is  easily  done  by  melting  the  tin  and 
triturating  it  in  a mortar  whilst  cooling),  and  dissolve  them  in 
about  a pint  of  dilute  hydrochloric  acid ; the  addition  of  a few 
drops  of  dilute  nitric  acid  from  time  to  time  accelerates  the  solu- 
tion of  the  tin.  If  the  metal  contain  arsenic,  a residuum,  in- 
soluble in  hydrochloric  acid,  will  be  left,  which  is  arsenic  almost 
in  a pure  state,  and  which  may  be  recognized  as  such  by  the 
aliaceous  odour  which  it  evolves  when  thrown  upon  ignited 
coals.  It  is  necessary  to  employ  only  a dilute  acid,  in  order  that 
the  metal  may  dissolve  slowly,  for  otherwise  no  arsenic  would  be 
deposited,  for  it  would  be  converted  into  arseniuretted  hydrogen, 
which,  however,  may, be  recognized  as  such  by  Marsh’s  appa- 
ratus. 

The  quantity  of  lead , of  copper , or  of  iron,  may  be  estimated 
by  treating  ioo  grains  of  the  sample  with  boiling  nitric  acid, 
which  will  dissolve  these  metals,  and  leave  the  tin  in  the  state  of 
peroxide.  The  best  way  is  to  evaporate  the  nitric  acid  solution 
with  the  undissolved  peroxide  of  tin  until  the  excess  of  nitric 
acid  is  mostly  volatalized ; water  is  then  added,  the  peroxide  of 
tin  is  collected  on  a filter,  washed,  ignited,  and  weighed ; each 
grain  of  peroxide  of  tin  thus  obtained  contains  07866  of  tin. 
The  loss,  or  difference,  indicates  of  course  the  other  metals  with 
which  the  tin  was  alloyed. 

If  the  operator  now  wishes  to  ascertain  the  respective 
proportion  of  these  foreign  metals,  he  should  proceed  as  fol- 
lows : — 

The  liquor  which  was  filtered  from  the  peroxide  of  tin  should 
be  treated  by  dilute  sulphuric  acid,  or  by  a solution  of  sulphate  of 
sodium  ; if  this  produce  a white  precipitate,  it  is  sulphate  of  lead  ; 
this  precipitate  should  be  collected  on  a filter,  washed,  and  then 
ignited  in  a crucible  and  weighed;  100  grains  of  sulphate  of  lead 
contain  73-6  of  oxide  of  lead,  and,  consequently,  6873  of  metallic 
lead  ; or  each  grain  of  sulphate  of  lead  contains  0-6833  of  lead. 

After  having  eliminated  the  lead  in  the  state  of  sulphate  of 
lead,  and  if  only  iron  is  present,  it  may  be  determined  as  peroxide 
of  iron  by  means  of  caustic  ammonia ; but  if  copper  be  present  at 
the  same  time,  it  is  better  (provided  no  other  oxides  which  can 
be  precipitated  by  sulphuretted  hydrogen  from  an  acid  solution 
are  present)  to  pass  a stream  of  that  gas  slowly  through  the 
filtered  acid  liquor  until  it  smells  strongly  of  the  gas.  The  black 
precipitate  produced  is  sulphide  of  copper,  and  must  be  rapidly 
collected  on  a filter  and  washed  without  interruption  with  water 
containing  a little  sulphuretted  hydrogen.  After  washing  the  pre- 
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cipitated  sulphide  of  copper,  it  should  be  dried,  separated  from 
the  filter  as  cleanly  as  possible,  and  put  into  a flask.  The  filter, 
which  retains  a little  sulphide  of  copper,  must  now  he  burnt 
upon  the  cover  of  a crucible,  and  the  ashes  added  to  the  sulphide 
in  the  flask.  Nitric  acid,  or  aqua  regia,  is  then  poured  upon  the 
whole,  which  is  left  to  digest  therein  until  the  sulphur  liberated 
has  acquired  a pure  yellow  colour.  The  sulphur  is  separated  by 
filtering,  and  the  copper  is  precipitated  by  pouring  a solution  of 
potash  into  the  filtered  liquor  as  long  as  a precipitate  is  produced. 
The  whole  is  then  boiled ; the  oxide  of  copper  thus  produced  is 
collected  on  a filter,  washed  with  hot  water,  ignited  with  the  filter 
in  a platinum  crucible,  and  weighed  as  soon  as  cold  in  the  crucible, 
which  should  be  kept  carefully  covered,  as  otherwise  the  oxide  of 
copper  would  absorb  moisture,  which  would  thus  increase  the 
weight.  Each  grain  of  oxide  of  copper  contains  07987  of  copper. 

Tin  may  be  obtained  in  the  pure  state  by  dissolving  com- 
mercial tin  in  hydrochloric  acid,  so  as  to  obtain  a concentrated 
solution  j and  when  the  solution  has  cooled,  water  is  to  be  care- 
fully poured  upon  it,  so  that  the  water  may  form  a distinct  layer 
above  the  tin  solution.  A blade  of  tin  is  then  plunged  through  the 
liquor  down  to  the  bottom,  and  in  the  course  of  a few  hours  the 
blade  becomes  covered  with  exceedingly  fine  crystals  of  tin.  This 
reaction  is  due  to  the  slight  electric  current  produced  by  the 
immersion  of  the  tin  through  the  two  layers  of  chloride  and  of 
water,  which  current  is  sufficient  to  determine  the  precipitation  of 
the  tin. 

The  quantity  of  arsenic  which  is  contained  in  ordinary  tin 
does  not  amount  generally  to  more  than  g|gth  part,  and  the  tin  of 
Malacca  and  Banca  do  not  contain  appreciable  quantities  of  this 
poisonous  metal. 

Pewterers  generally  alloy  their  tin  with  a little  antimony,  in 
order  to  render  the  metal  harder ; the  analysis  of  such  an  alloy 
may  be  made  as  described  in  the  article  on  Antimony,  to  which 
the  reader  is  referred. 

The  native  oxide  of  tin,  or  pyramidal  tin-ore,  is  the  principal 
ore  of  tin ; it  consists  of  peroxide  of  tin  mixed  with  small  quan- 
tities of  iron  and  of  manganese  ; it  is  so  dense  that  it  is  insoluble 
in  acids,  and  it  resembles,  in  that  case,  the  artificial  peroxide  of 
tin  after  ignition. 

In  order  to  determine  the  quantity  of  foreign  substances  con- 
tained in  the  ore,  it  (the  ore)  should  be  finely  pulverized,  levi- 
gated, mixed  with  three  or  four  times  its  weight  of  carbonate  of 
potassium  or  of  sodium,  and  fused.  After  fusion,  the  peroxide  of 
tin  may  be  dissolved  in  hydrochloric  acid,  and  the  solution  being 
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evaporated,  in  order  to  expel  tlie  excess  of  acid,  is  then  diluted 
with  a sufficient  quantity  of  water  and  filtered ; sulphuretted 
hydrogen  is  passed  through  the  liquor  until  it  smells  strongly  of 
the  gas,  which  will  precipitate  the  tin  in  the  state  of  sulphide  of 
tin.  The  precipitated  sulphide  of  tin  is  then  somewhat  dried, 
put  into  an  open  platinum  crucible,  and  gradually  roasted  therein, 
until  it  ceases  to  evolve  any  odour  of  sulphurous  acid  (burning 
sulphur)  ; the  heat  may  then  be  increased  to  a good  red.  That 
which  remains  in  the  crucible  is  peroxide  of  tin,  which  should  be 
white  ; it  is  then  weighed.  A small  piece  of  carbonate  of  ammo- 
nium should  be  placed  upon  the  peroxide  of  tin  in  the  platinum 
crucible,  and  the  whole  again  strongly  ignited.  This  must  be 
repeated  as  long  as  the  loss  of  weight  is  observed.  The  carbonate 
of  ammonium  is  employed  for  the  purpose  of  expelling  the  last 
traces  of  sulphuric  acid,  produced  by  the  roasting,  which  the  per- 
oxide of  tin  might  retain. 

If  the  operator  wishes  to  isolate  the  iron,  and  to  determine  its 
quantity,  the  filtered  liquor  should  be  heated  until  all  odour  of 
sulphuretted  hydrogen  has  vanished;  some  nitric  acid  is  then 
added,  and  the  liquor  is  boiled,  in  order  to  peroxidize  the  iron, 
which  may  then  be  precipitated  by  ammonia,  collected  on  a filter, 
washed,  dried,  ignited,  and  weighed.  Each  grain  of  peroxide  of 
iron  contains  070  grain  of  metallic  iron. 

TXNKAI.  See  BORAX. 

TOMBAC,  See  GERMAN  SILVER. 

TURTTBUXl/S  BLUE.  See  PRUSSIAN  BLUE. 

tutewag.  See  German  Silver. 

verdigris.  See  Copper.  ' 

verditer.  See  Copper. 

VERMIIION  (Cinnabar,  Sulphuret  of  IWlercury). — 

I.  Cinnabar  and  vermilion  are  the  same  substance;  that  is,  a 
combination  of  sulphur  and  of  mercury.  Cinnabar  is  in  lumps  or 
amorphous  masses  of  variable  size,  of  a reddish-purple  colour,  and 
consisting  of  an  agglomeration  of  needles,  parallel  to  each  other. 
The  specific  gravity  of  cinnabar  is  10-2 18.  When  cinnabar  is 
pulverized,  it  forms  the  beautiful  red  pigment  called  vermilion. 

2.  Vermilion  is  often  fraudulently  mixed  with  red  lend,  per- 
oxide of  iron,  brick-dust,  and  with  sulphide  of  arsenic. 

3.  The  presence  of  red  lead,  peroxide  of  iron,  and  of  brick-dust, 
is  easily  detected,  because  vermilion  being  volatilizable  by  heat,  it 
is  sufficient  to  pour  a small  portion  of  the  vermilion  under 
examination  into  a well-scoured  iron-spoon,  and  to  heat  it ; the 
vermilion  soon  evaporates,  whilst  the  red  lead,  brick-dust,  and 
peroxide  of  iron,  not  being  volatile,  are  left  behind.  The  dif- 
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ference  of  weight,  before  and  after  the  experiment,  indicates  at 
once  the  amount  of  fraud. 

4.  If  sulphide  of  arsenic  is  present,  it  may  he  detected  by 
throwing  a little  of  the  vermilion  under  examination  upon  ig- 
nited charcoal,  when  the  characteristic  odour  of  garlic,  indicating 
arsenic,  becomes  perceptible.  The  odour  of  garlic  is  developed 
better  by  mixing  a little  of  the  vermilion  with  carbonate  of  so- 
dium, and  heating  the  mixture  before  a blow-pipe  upon  charcoal. 
The  presence  of  sulphide  of  arsenic  may  also  be  detected  by  boil- 
ing a portion  of  the  vermilion  in  caustic  potash  and  filtering, 
supersaturating  the  filtrate  with  nitric  acid,  and  then  passing  a 
slow  current  of  sulphuretted  hydrogen  through  the  solution, 
which  will  precipitate  the  arsenic  in  the  state  of  yellow  sulphide 
of  arsenic. 

5.  After  having  ascertained  the  presence  of  arsenic,  as  above 
said,  its  quantity  may  be  determined  in  the  following  manner 
Take  a given  weight  of  the  vermilion  in  very  fine  powder,  put  it 
into  a flask,  and  treat  it  therein  with  aqua  regia  until  the  sulphur, 
which  separates,  has  agglomerated  into  yellow  lumps,  of  a perfect 
yellow  colour  ; fresh  portions  of  aqua  regia  being  added  from  time 
to  time  in  order  to  insure  complete  decomposition.  The  solution 
is  filtered  and  supersaturated  with  ammonia  ; an  excess  of  hydro- 
sulphuret  of  ammonia  is  then  added,  the  flask  is  loosely  corked 
up,  and  the  whole  is  left  to  digest  in  a warm  place  for  ten  or 
twelve  hours.  The  flask  is  allowed  to  cool,  and  when  quite  cold 
the  insoluble  sulphide  of  mercury  may  be  separated  by  filtering. 
The  filtrate,  which  contains  the  sulphide  of  arsenic,  should  be 
diluted  with  a large  quantity  of  water,  acidified  with  a little 
hydrochloric  or  acetic  acid,  until  it  is  slightly  acid,  and  the  whole 
is  left  to  digest  at  a gentle  heat,  until  all  odour  of  sulphuretted 
hydrogen  has  disappeared.  The  sulphide  of  arsenic  which  was 
held  in  solution  will  then  have  completely  precipitated ; it  should 
therefore  be  collected  on  a counterpoised  filter  and  weighed.  It 
is  necessary,  however,  for  accurate  purposes,  to  analyse  the  sul- 
phide of  arsenic  thus  obtained,  because  it  is  mixed  with  sulphur, 
from  the  decomposition  of  the  hydrosulphuret  of  ammonia  by  the 
acid  employed. 

6.  The  presence  of  red  lead  may  be  identified  by  boiling  a 
portion  of  the  vermilion  in  acetic  acid,  which  will  dissolve  the 
lead ; and  if  on  passing  a current  of  sulphuretted  hydrogen 
through  a portion  of  the  filtered  solution,  a black  precipitate  of 
sulphide  of  lead  is  obtained,  or  if,  in  testing  another  portion  of 
the  filtered  solution  with  iodide  of  potassium,  a yellow  precipitate 
is  obtained,  it  is  a sign  of  the  presence  of  lead. 

7.  In  order  to  determine  the  quantity  of  the  red  lead,  the 
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black  precipitate  of  sulphide  of  lead  produced  in  the  acetic  acid- 
solution,  as  above  metioned,  is  treated  with  the  filter  by  hydro- 
chloric acid,  which  produces  a disengagement  of  sulphuretted 
hydrogen.  Nitric  acid  is  then  added,  and  the  whole  is  evaporated 
to  dryness ; sulphuric  acid  is  now  poured  with  care  on  the  dry 
mass,  the  excess  of  sulphuric  acid  is  eliminated  by  heat,  and  the 
remaining  sulphate  of  lead  is  weighed.  152  grains  of  sulphate  of 
lead  = 104  of  lead,  or  344  grains  of  red  lead. 

VINEGAR  (Acetic  Acid,  Pyroligneous  Acid). — Vinegar 
is  the  name  given  to  dilute  acetic  acid,  the  strength,  flavour,  and 
composition  of  which  varies  according  to  the  sources  from  which 
it  has  been  produced.  The  best  vinegar  is  that  which  is  obtained 
from  wine,  by  exposing  it  to  the  action  of  the  air,  at  a proper 
temperature.  In  this  country  vinegar  is  made  from  beer,  or  from 
a wort  prepared  for  the  purpose ; but  cider,  perry,  and  a great 
number  of  alcoholic  or  saccharine  liquors,  can  be  converted  into 
vinegar.  124  parts  of  sugar,  80  parts  of  yeast,  and  868  parts  of 
water,  exposed  to  the  air  for  about  a month,  yield  vinegar  of  a 
good  quality.  Vinegar  is  extensively  manufactured  also  from 
the  destructive  distillation  of  wood,  and  is  known  under  the  name 
of  pyroligneous  acid. 

Pure  acetic  acid  is  solid  up  to  a temperature  of  62-6°  Fahr. 
At  that  temperature  it  melts  into  a colourless  liquid  of  specific 
gravity  1 ‘063 ; it  has  a peculiar  characteristic  odour,  and  is  as 
corrosive  as  the  most  powerful  mineral  acids.  Acetic  acid  is 
soluble  in  water  in  all  proportions ; it  boils  at  248°  Fahr. ; its 
vapour  is  inflammable,  and  burns  with  a blue  flame.  The  density 
of  acetic  acid  is  augmented  by  diluting  it  with  water.  Acetic 
acid,  which  contains  only  1 equivalent  of  water,  has  a density  of 
1 ’063  ; by  diluting  it  with  about  30  per  cent,  of  water  its  density 
becomes  1-079,  which  is  maximum  gravity  5 if  diluted  with 
more  water,  its  specific  gravity  is  the  same  as  when  it  contains 
only  1 equivalent  of  water,  as  shown  in  the  following  Table  by 
M.  Mollerat  : — 


Specific  Gravity. 

Quantity  of  Water  per  cent, 
of  Concentrated  Acid. 

I -0630 

. . . 0-0 

I -0742 

. . . 10-0 

1-0770 

. . . 22-5 

I 0791 

. 32-5 

1-0763  . 

• 43'° 

I -0742 

. 55-0 

1-0728 

. 66-5 

1-0558  . 

• 97'5 

I-0637 

. . . 108-5 

I ‘0630  , 

• 

. . . 1 12-2 
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This  Table  shows  that  the  strength  of  acetic  acid  cannot  he 
estimated  from  its  specific  gravity. 

Vinegar  is  often,  adulterated  in  various  ways ; namely,  by  dilu- 
tion with  water,  or  with  vinegar  of  inferior  quality,  or  by  an 
addition  of  pyroligneous  acid  or  of  sulphuric  acid.  Its  pungency 
is  often  increased  by  maceration  with  acrid  substances,  such  as 
chillies  or  cayenne-pepper,  long-pepper,  mustard-seed,  &c. ; it  is 
also  mixed  sometimes  with  metallic  salts,  common  salt,  &c. 

The  only  accurate  method  of  determining  the  quantity  of  acid 
contained  in  vinegar  is  by  ascertaining  the  quantity  of  dry  car- 
bonate of  sodium  which  may  be  required  to  saturate  it. 

Professor  Sottbeirar  says  that  100  parts  of  vinegar  of  good 
quality  (French  vinegar,  vinaigre  d’Orleans)  are  saturated  by  10 
parts  of  dry  carbonate  of  potassium. 

A test-liquor  for  this  purpose  may  be  made  by  dissolving  540 
grains  of  dry  carbonate  of  sodium  in  10,000  grain-measures  of 
water.  1,000  grain-measures  (100  alkalimetrical  divisions)  of 
such  a liquor  are  then  taken  and  poured  gradually  from  an  alkali- 
meter-tube  into  a given  measure  (1  fluid  ounce  for  example)  of 
the  vinegar  under  examination,  until  its  acid  is  saturated.  100 
divisions  (1,000  grain-measures)  of  such  a test-liquor  saturate 
exactly  5 1 grains  of  pure  anhydrous  acetic  acid ; 1 ounce  of  good 
vinegar  should  require  from  58  to  60  divisions  (580  to  600  grain- 
measures)  for  saturation.  Before  adding  the  test-solution  of  car- 
bonate of  sodium,  a small  quantity  of  tincture  of  litmus  should  be 
added  to  the  vinegar  in  order  to  guide  the  operator,  and  enable 
him  to  see  when  the  point  of  saturation  is  nearly  attained.  To- 
wards the  end  of  the  experiment  heat  should  be  applied  in  order 
to  expel  the  carbonic  acid.  The  operator  will  perceive  that,  as 
the  saturation  proceeds,  the  odour  of  vinegar  disappears,  and  is 
replaced  by  a peculiar  soapy  odour  ; the  red  colour  of  the  vinegar, 
tinged  with  litmus  at  the  same  time,  is  gradually  changing  into 
blue.  The  experiment  is,  in  every  respect,  conducted  as  for  alkali- 
metry. (See  Alkalimetry .) 

When  the  experiment  is  finished  the  operator  reads  off  the 
number  of  divisions  employed,  and  if,  for  example,  58  divisions 
have  been  employed  to  saturate  1 fluid  ounce  of  vinegar,  then  it 
contained  29-58  grains  of  pure  .anhydrous  acetic  acid. 

The  ammonia  test-liquor,  recommended  by  Dr.  Ure,  which 
admits  also  of  very  great  accuracy,  may  be  resorted  to  for  the 
same  purpose.  The  process  consists,  first,  in  pouring  some  neutral 
tincture  of  litmus  into  the  vinegar  to  be  tested,  so  as  to  impart  a 
feeble  red  tinge  to  it,  and  then  testing  with  the  ammoniacal  solu- 
tion of  sp.  gr,  0-992  j 1,000  grain-measures  of  such  an  ammoniacal 
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solution,  containing  exactly  1 equivalent  of  ammonia,  neutralize 
consequently  1 equivalent  of  acetic  acid,  that  is,  51  grains  of 
the  anhydrous,  or  60  of  the  monohydrated  acid.  The  test- 
ammonia  can  always  he  easily  kept  at  the  proper  strength  by 
two  hydrostatic  glass  beads,  made,  the  one  to  float,  the  other  to 
sink  in  the  ammonia  liquor  of  the  proper  gravity  as  above  said. 
If,  then,  a portion  of  such  a test-liquor  of  ammonia  be  added  to 
the  slightly  reddened  vinegar  until  the  colour  is  neutralized,  the 
number  of  grain-measures  employed  being  multiplied  by  51  or  60, 
will  give  a product  which  indicates  the  percentage  of  either  real 
anhydrous  or  hydrated  acid  in  the  vinegar  operated  upon. 

It  is  evident  that,  in  the  above  acidimetrical  process,  account 
must  be  taken  of  any  mineral  acid  which  may  have  been,  and  is 
generally  added  to  vinegar,  and  the  presence  and  amount  of  which 
must,  of  course,  be  determined. 

Detection  of  Sulphuric  Acid  in , Vinegar.  — Take  a known 
quantity  of  the  vinegar  under  examination— 8 fluid  ounces,  for 
example— and  evaporate  it  in  a steam-  or  water-bath  to  about  one- 
eighth  of  its  bulk,  allowing  the  capsule  to  cool,  and  add  5 to  6 
times  its  bulk  of  alcohol,  the  whole  being  well  stirred  with  a glass 
rod.  The  liquor  should  then  be  filtered  in  order  to  separate  the 
insoluble  sulphates ; and  solution  of  chloride  of  barium  being  then 
added  to  the  filtered  liquor,  a precipitate  of  sulphate  of  barium 
will  be  produced  if  sulphuric  acid  is  present.  The  precipitated 
sulphate  of  barium  should  be  drenched  with  nitric  acid,  filtered, 
washed,  dried,  slightly  ignited,  and  weighed.  1 1 7 grains  of 
sulphate  of  baryta  represent  40  of  anhydrous  sulphuric  acid  ; or, 
each  grain  of  sulphate  of  barium  contains  0-34372  of  sulphuric 
acid. 

For  less  accurate  purposes  the  operator  may  dispense  with 
evaporating  the  vinegar,  and  treating  it  with  alcohol,  and  may 
at  once  estimate  the  sulphuric  acid  by  pouring  chloride  of  barium 
in  a known  quantity,  of  the  vinegar  until  a precipitate  ceases 
to  be  produced.  The  precipitate  is  then  treated  as  above  de- 
scribed. 

Detection  of  Pyroligneous  Achl  in  Vinegar. — This  adulteration 
is  very  common,  and  may  always  be  recognized  by  the  empyreu- 
matic  smell  and  taste,  which  is  very  characteristic,  but  which  is 
not  otherwise  detrimental. 

Detection  of  Acrid  Substances  in  Vinegar. — Pepper,  capsicum, 
or  chillies,  mustard-seed,  and  other  acrid  substances,  are  some- 
times added  to  vinegar  for  the  purpose  of  simulating  strength. 
The  presence  of  these  substances  may  be  detected  by  saturating 
the  acid  with  an  alkali.  The  acidity  of  the  vinegar  being  thus 
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destroyed,  the  acrid  taste  of  the  substances  employed  will  then 
become  perceptible. 

Detection  of  Metallic  Salts  in  Vinegar. — The  salts  occasionally 
met  with  in  vinegar  are  principally  those  of  copper,  of  lead,  of 
zinc,  and  are  generally  referable  to  the  utensils  employed  in  the 
manufacture  of  that  acid.  The  presence  of  lead  is  detected  by 
testing  the  vinegar  with  iodide  of  potassium,  or  with  chromate 
of  potassium,  both  of  which  produce  a yellow  precipitate.  The 
yellow  precipitate  produced  by  the  first  of  these  reagents  is 
soluble  in  hot  water,  and  likewise  in  a large  excess  of  the  reagent; 
that  produced  by  chromate  of  potassium  is  soluble  in  a solution  of 
pure  potash,  and  if  digested  with  ammonia  it  becomes  of  a reddish 
or  orange-red  colour.  In  using  this  last  reagent  it  should  be 
applied  in  a dilute  state.  If  lead  is  present  a current  of  sulphu- 
retted hydrogen  will  produce  a black  precipitate. 

If  hopper  is  present  sulphuretted  hydrogen  will  also  produce  a 
black  precipitate,  but  in  that  case  a portion  of  the  vinegar  first 
decolorized  by  animal  charcoal  will  be  rendered  blue  by  ammonia, 
and  brown  or  crimson  by  ferrocyanide  of  potassium. 

The  presence  of  zinc  may  be  detected  by  means  of  ferrocya- 
nide of  potassium,  which  will  produce  a precipitate.  But  the 
most  characteristic  way  of  detecting  the  presence  of  this  metal 
consists  in  neutralizing  the  vinegar  with  ammonia,  filtering,  and 
testing-  the  clear  ammonical  and  colourless  filtrate  with  hydro- 
sulphuret  of  ammonia.  If  a white  precipitate  is  produced,  zinc 
is  present.  The  smallest  proportion — a trace — of  iron  is  sufficient 
to  give  a grey  colour  to  the  precipitate,  and  if  the  quantity  of 
iron  present  is  more  considerable,  the  precipitate  is  black. 

Quantity  of  Extract  resulting  from  the  Evaporation  of  Genuine 
Vinegar  made  from  Wine. — According  to  Messrs.  Jtjles  Garxeer 
and  Harel,  the  evaporation  of  1000  grains  of  12  samples  of  pure 
wine-vinegar  gave : — 
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The  minimum  of  extract  produced  from  pure  wine-vinegar  is 
therefore  170  per  cent.,  and  the  maximum  2-4  per  cent.,  the 
average  being  2-05  per  cent. 
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Tliese  results  may,  to  a certain  extent,  serve  to  indicate 
whether  the  wine-vinegar  under  examination  is  genuine  or  spurious, 
since  the  quantity  of  extract  obtained  from  spurious  vinegar 
is  always  much  more  considerable.  Wine-vinegar  yields  less 
extract  than  all  other  vinegars ; and,  moreover,  if  its  extract 
he  treated  with  alcohol,  it  will  almost  entirely  redissolve 
and  leave  a residuum  of  tartar,  whilst  the  vinegar  made  from 
glucose,  or  sugar  of  starch,  leaves  after  evaporation  a residuum 
which  is  only  sparingly  soluble  in  alcohol,  and  remains  soft  and 
glutinous. 

Vinegar  made  from  Beer , Cyder , or  Perry. — Vinegar  made 
from  beer,  cyder,  or  perry,  may  be  distinguished  from  wine- 
vinegar,  because  they  contain  no  tartar,  and  their  saturating  power 
is  much  inferior  to  that  made  from  wine  (after  deducting  the  sul- 
phuric or  other  acids  which  they  may  contain)  ; so  that  whilst  two 
parts  of  good  wine-vinegar  require  10  parts  of  carbonate  of  sodium, 
the  same  quantity  of  cyder-vinegar  and  of  beer-vinegar  require, 
the  first  3-5,  the  second  2-5  parts  of  carbonate  of  sodium. 

The  density  of  the  best  white  wine-vinegar  is  about  from 
1 '020  to  i'025,  that  of  beer-vinegar  is  3-20,  and  of  cyder-vinegar 
about  2-o. 

Beer-vinegar  yields  by  evaporation  6 per  cent.,  and  cyder- 
vinegar  i’5  per  cent,  of  extract;  the  latter  has  an  odour  of  baked 
apples,  the  former  has  an  acid  and  slightly  bitter  flavour. 

VITREOUS  COPPER.  See  COPPER. 

vitriol,  See  Sulphuric  Acid. 

VITRIOL  (BLUE).  See  COPPER. 

vitriol  (romati).  See  Copper. 

Vitriolic  acid.  See  Sulphuric  Acid. 

VOLATILE  ALKALI.  See  AMMONIA. 

water, — For  certain  technical  and  for  analytical  purposes 
chemically  pure  water  is  absolutely  requisite,  and  may  be  ob- 
tained in  that  state  by  distillation  (see  Glossary ),  by  which  opera- 
tion it  is  separated  from  the  foreign  substances  which  it  may 
hold  in  solution,  some  of  which  are  of  a volatile  nature,  such  as 
carbonic  acid,  oxygen,  nitrogen,  ammonia,  nitrate  and  carbonate 
of  ammonium.  The  others  are  fixed,  such  as  salts  of  potassium,  of 
sodium,  calcium,  magnesium,  aluminum. 

In  order  to  obtain  pure  water,  the  distillation  should  be  stopped 
when  the  salts  which  were  held  in  solution  begin  to  deposit,  for 
if  the  process  be  continued,  part  of  these  salts  might  undergo 
decomposition  and  contaminate  the  distillate. 

The  characteristics  of  pure  water  are,  that  it  must  not  produce 
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any  precipitate,  or  become  turbid  when  tested  by  the  following 
reagents : — 

"If  a precipitate  or  turbidness 


Lime-water 


Chloride  of  barium 
Nitrate  of  barium 

Nitrate  of  silver  . 


be  produced  soluble  in 
hydrochoric  acid,  carbonic 
acid  is  present. 

(If  a precipitate  or  turbidness 
is  produced,  sulphates  are 
present. 

f Indicates  the  presence  of 
\ chlorides. 

Do.  do.  of  salts  of  calcium. 
Do.  do.  of  various  metals. 


. Do.  do.  do. 


Do.  do.  of  organic  matter. 


Oxalate  of  ammonium 
Sulphuretted  hydrogen 
Hvdrosulphuret  of  am- 
monia 

Perchloride  of  mercury 
Perchloride  of  gold 
Sulphate  of  zinc  . . J 

Pure  distilled  water  evaporated  upon  a piece  of  platinum-foil 
should  leave  no  residuum.  Water  distilled  from  rivers  that  run 
near  or  through  populous  towns— such  a9  the  water  of  the  Thames, 
for  example,  or  the  Severn,  the  Tyne,  &c.,  the  Seine,  Rhone,  and 
Saone,  &c.  on  the  Continent— always,  or  generally,  contain  a cer- 
tain quantity  of  carbonic  acid,  of  ammonia,  and  of  organic 
matters,  which  pass  over  with  the  distillate,  and  are  subsequently 
found  therein.  The  presence  of  these  impurities,  however,  does 
not  interfere  with  the  usual  analytical  operations ; yet  it  is  advis- 
able to  stop  when  four-fifths  of  the  water  have  distilled,  but  more 
especially  to  reject  the  first  portions  that  come  over. 

Distilled  water,  however  pure,  is  unfit  to  drink ; having  been 
deprived  of  air  by  ebullition,  it  is  insipid,  heavy,  and  indigestible. 
Rain-water  contains  all  the  substances  which  exist  in  the  air, 
namely  oxygen,  nitrogen,  carbonic  acid,  carbonate  of  ammonium, 
nitrate  of  ammonium,  and  sometimes  (especially  after  storms) 
traces  of  nitric  acid;  it  holds,  moreover,  in  suspension,  dust  and 
other  minute  fixed  particles  which  are  floating  in  the  atmosphere, 
and  which  are  always  found  in  greater  abundance  in  the  first  por- 
tions of  rain  that  fall.  When  therefore  rain-water  is  received 
into  clean  vessels,  taking  care  to  throw  away  the  first  portions, 
it  may  replace  distilled  water  in  most  chemical  operations. 

Spring-  or  well-water  is  never  pure,  on  account  of  its  having 
filtered  through  strata  of  various  compositions ; it  contains  chlo- 
rides, sulphates  and  carbonates  of  calcium,  of  magnesium,  and 
sometimes  of  potassium  and  of  sodium. 
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To  be  fit  for  use  as  an  ordinary  beverage  and  culinary  pur- 
poses, water  should  be  perfectly  sweet,  limpid,  and  clear  ; it  should 
readily  lather  with  soap ; when  evaporated  to  dryness,  it  should 
leave  only  a small  residuum,  and  remain  for  a long  time  trans- 
parent whilst  boiling ; it  is  only  when  reduced  to  a very  small 
bulk  by  evaporation,  that  it  should  begin  to  become  turbid ; and  if 
an  alcoholic  solution  of  soap  be  poured  into  it,  a small  portion  of  the 
soap  only  should  be  curded.  * Such  water  is  then  called  soft  water. 

Hard  water,  on  the  contrary,  holding  in  solution  a large  pro- 
portion of  certain  salts,  is  not  so  well  adapted  for  cooking  and 
washing,  because  the  soap  is  thereby  converted  on  the  surface  into 
an  insoluble  margarate,  stearate,  and  oleate  of  calcium,  and  the 
small  quantity  abraded  by  friction  forms  a curdy,  insoluble 
precipitate. 

Spring-water  belongs  to  the  latter  class.  Some  spring-waters 
contain  a large  quantity  of  sulphate  of  calcium,  and  consequently 
afford  a corresponding  abundant  precipitate  when  treated  by  oxa- 
late of  ammonium,  which  precipitate  is  oxalate  of  calcium ; and 
by  chloride  of  barium,  which  precipitates  the  sulphuric  acid  as 
sulphate  of  barium. 

Water  which  contains  sulphate  of  calcium  can  be  rendered  fit 
for  domestic  purposes  by  the  addition  of  a quantity  of  carbonate 
of  sodium  sufficient  to  decompose  the  sulphate  of  calcium,  the  re- 
sults being  sulphate  of  sodium  which  remains  in  solution  and 
carbonate  of  calcium  which  is  precipitated.  Many  kinds  of 
spring- water  owe  their  hardness  to  the  presence  of  a quantity  of 
carbonate  of  calcium  held  in  solution  by  an  excess  of  carbonic 
acid ; such  waters  may  be  rendered  fit  for  domestic  use  by  boiling, 
by  which  the  excess  of  carbonic  acid  is  expelled  and  carbonate  of 
calcium  precipitated.  The  same  result  is  obtained  by  pouring 
into  such  water  a sufficient  quantity  of  lime-water  to  saturate  the 
excess  of  free  carbonic  acid;  a neutral  carbonate  of  calcium  is 
thus  produced,  whilst  that  which  existed  in  the  solution  being  at 
the  same  time  reduced  to  neutral  carbonate,  is  also  precipitated. 

Kiver-water,  when  not  contaminated  by  the  discharge  of  the 
contents  of  sewers,  is  more  pure  than  spring- water ; it  contains 
the  same  salts  as  spring-water,  but  in  less  proportion,  and  the 
quantity  of  carbonic  acid  is  also  less  in  river-  than  in  spring-water. 

Well-water  is  generally  harder  than  spring- water,  and  is  con- 
sequently not  so  well  adapted  for  cooking  or  washing,  unless 
treated  as  above  mentioned. 

If  the  water  contains  carbonate,  sulphate,  or  some  other  salt 
of  iron  in  solution,  tincture  of  galls,  or  solution  of  ferrocyanide 
of  potassium  are  the  reagents  usually  employed  to  detect  it.  The 
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first  will  produce  in  the  liquid  a purple-black  (ink)  colour  or 
tinge;  the  second  will  produce  a bluish-white  colour,  gradually 
becoming  blue. 

If  lead  be  present,  sulphuretted  hydrogen  will  produce  a black 
precipitate,  or  only  a brownish  tinge,  if  only  a trace  he  present. 
Most  metals  can  be  detected  in  water  by  this  reagent;  if  the 
water  is  pure,  a slight  milkiness  only  will  be  produced  by  it. 

Sea- water  is  bitter,  salted,  and  has  a nauseous  taste ; it  is  alto- 
gether unfit  for  drinking.  Its  analysis,  by  several  chemists,  yielded 
the  following  results : — 


Atlantic  Ocean 

Mediterranean  Sea 

Substances 

contained  in  one  litre* 

Berg- 

man 

Lagrange 

Lagrange 

ol  Sea  Water 

Marcet 

and 

Murray 

and 

Laurent 

Yogel 

Yogel 

Litre 

Litre 

Litre 

Carbonic  acid 

Grains 

Grains 

0*230 

Grains 

0*110 

0*200 

Chloride  of  sodium 

32’155 

26 '600 

26-646 

21  -8o 

26-646 

27*220 

„ magnesium 

8771 

S'iS4 

S’853 

4-86 

7-203 

6-140 

Sulphate  of  magnesium 

... 

... 

6-465 

... 

6991 

7*020 

„ calcium 

I'°39 

... 

0-150 

... 

0-150 

0-150 

Carbonate  of  calcium  1 

0*200 

0150 

0*200 

and  of  magnesium  j 

... 

... 

... 

Chloride  of  calcium 

... 

1-232 

... 

0-78 

. . . 

... 

Sulphate  of  sodium 

... 

4- 660 

... 

3 '50 

... 

... 

Potash. 

... 

... 

... 

... 

... 

0*010 

Iodine,  probably  in  I 

the  state  of  iodide  > 
of  potassium  . J 

... 

... 

... 

... 

... 

quantity 

Bromine,  probably  in) 

the  state  of  bromide  V 
of  magnesium  . J 

• • . 

... 

... 

• . • 

• • • 

do. 

Total  . 

4i '965 

37 '646, 

39’3I4 

30 ‘94 

41-140 

40-740 

The  composition  of  sea- water,  however,  is  not  uniform;  the 
amount  of  its  constituents  varies  according  to  localities.  We  give 
here  the  results  of  the  analysis  of  the  water  of  the  English 
Channel  by  Schweitzer,  and  of  the  Mediterranean  Sea  by 
Laurens.  ( See  Table  on  next  page.) 

Quantitative  Analysis  of  Water. — Estimation  of  Carbonic 
Acid. — The  water  for  this  purpose  must  be  collected  at  the  spring 
or  well  by  immersing  in  the  water  a large  pipette  of  exactly  known 
capacity ; four  or  five  stoppered  bottles,  each  of  about  a pint 
capacity,  should  be  charged  each  with  one  ounce  of  a strong 
solution  of  chloride  of  calcium  and  an  ounce  and  a half  of 

* The  litre  contains  5r  12079  cubic  inches,  or  176377  pint. 


WATER. 


391 


English  Channel 

Mediterranean 

Water  .... 

Chloride  of  sodium  . 

„ potassium 

„ magnesium 

Bromide  of  magnesium 
Sulphate  of  magnesium 
„ lime. 

Carbonate  of  calcium 

96474372 

27-05948 

0-76552 

3-66658 

0 '02929 
2-29578 

1 -40662 

♦ 

0-0330I 

959-26 

27*22 

0*01 

6*14 

7*02 

0*15 

and  ) . 

> 0 20 

magnesium  y 

XOOO'OOOOO 

1000*00 

ammonia,  free  from  carbonic  acid  ; they  should  then  be  filled  with 
the  water  poured  quietly  in,  to  prevent  any  loss  of  carbonic  acid 
from  splashing  ; all  the  carbonic  acid  contained  iu  the  water  will 
thus  be  precipitated  in  the  form  of  carbonate  of  calcium.  The 
precipitates  in  the  different  bottles,  which  should  be  nearly  alike 
in  quantity,  are  collected  on  a filter,  dried  at  21 2°,  and  weighed. 
They  are  then  mixed  together,  and  analysed  by  Fresenius’  and 
Wills’  method;  the  result  shows  the  total  amount  of  carbonic 
acid  in  tbe  united  volumes  of  the  several  bottles  of  water. 

Determination  of  the  Total  Amount  of  Solid  Ingredients. — A 
quantity  of  the  water  (varying  from  1,000  to  10,000  grains)  is 
carefully  evaporated  to  dryness  in  a platinum  capsule  on  the  water- 
bath,  the  residue  is  dried  at  various  temperatures,  and  the  weight 
taken  when  no  farther  diminution  is  perceptible.  If  the  water 
contain  any  considerable  amount  of  earthy  chlorides,  a very  exact 
result  cannot  in  this  manner  be  obtained  regarding  the  amount  of 
the  solid  contents,  for  the  earthy  chlorides  retain  a small  proportion 
of  water  at  2 12°,  while,  at  a higher  temperature,  some  hydrochloric 
acid  may  be  set  free.  The  best  method,  therefore,  is  to  evaporate 
the  water  with  the  addition  of  a known  quantity  of  pure  anhydrous 
carbonate  of  sodium  sufficient  to  decompose  the  earthy  chlorides 
and  sulphates.  This  method  of  evaporating  with  carbonate  of 
sodium  is  advantageous,  moreover,  as  preventing  the  formation  of 
sulphate  of  calcium,  which  is  a troublesome  ingredient,  inasmuch 
as  it  adheres  closely  to  the  evaporating  vessel,  is  not  readily 
soluble  in  dilute  hydrochloric  acid,  and  very  sparingly  soluble  in 
water. 

Estimation  of  the  Sulphuric  Acid. — Ten  thousand  grains  (more 
or  less,  according  as  tbe  preliminary  experiment  has  indicated  a 
greater  or  less  amount  of  sulphuric  acid)  are  acidified  with  hydro- 
chloric acid,  and  precipitated  at  a boiling  temperature  by  chloride 
of  barium;  the  precipitate  is  allowed  to  settle,  then  collected 
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on  a filter,  washed,  dried,  ignited,  weighed,  and  the  amount  of  sul- 
phuric acid  calculated  (100  sulphate  of  barium  = 34-34  sulphuric 
acid). 

Estimation  of  the  Chlorine. — Two  thousand  or  three  thousand 
grains  of  the  water,  according  to  the  quantity  of  chlorine  supposed 
to  be  present,  are  acidified  with  nitric  acid,  the  chlorine  precipi- 
tated with  nitrate  of  silver  (100  chloride  of  silver  = 2474 
chlorine). 

Should  the  water  contain  organic  matter  it  should  he  freed 
from  it  before  estimating  the  chlorine,  or  it  would  be  partly  pre- 
cipitated, together  with  the  silver-salt,  thereby  increasing  its 
weight;  with  this  view  it  should  be  evaporated  with  carbonate  of 
sodium  (perfectly  free  from  chloride  of  sodium),  the  liquid  filtered 
from  the  earthy  carbonate  precipitated,  evaporated  to  dryness,  the 
residue  fused,  redissolved  in  water,  nitric  acid  added,  and  then 
precipitated  with  nitrate  of  silver. 

Estimation  of  the  total  amount  of  Lime  and  Magnesia , Silicic 
Acid,  and  Oxide  of  Iron. — From  1,000  to  10,000  grains  of  the 
water  are  acidified  with  nitric  acid,  and  evaporated  to  dryness  at  a 
heat  below  ebullition.  The  perfectly  dry  residue  is  digested  with 
dilute  hydrochloric  acid  ; the  silicic  acid  remains  undissolved, 
having,  by  the  evaporation,  been  reduced  to  its  insoluble  condition. 
It  is  separated  by  filtration,  washed,  dried,  ignited,  and  weighed. 
The  filtrate  which  contains  the  iron,  calcium,  and  magnesium  in  the 
form  of  chlorides,  is  supersaturated  with  ammonia,  by  which 
oxide  of  iron  is  precipitated,  and  is  collected  and  determined. 
The  calcium  is  thrown  down  as  oxalate,  from  the  filtrate  from  the 
oxide  of  iron,  by  oxalate  of  ammonium,  and  estimated  as  carbonate 
or  sulphate,  and  the  magnesium  is  precipitated  from  the  filtrate 
from  the  oxalate  of  calcium  (concentrated,  if  necessary,  by  evapo- 
ration) with  phosphate  of  sodium,  and  estimated  as  pyro- 
phosphate. 

Estimation  of  the  Oxide  of  Iron,  Lime,  and  Magnesia,  dis- 
solved in  the  water  by  free  Carbonic  Acid. — One  imperial  pint  of 
the  water  is  boiled  for  some  time  in  a flash,  the  free  carbonic  acid 
is  thereby  expelled,  and  the  substances  which  it  held  in  solution 
are  precipitated.  The  operator  must  be  careful  not  to  allow  the 
volume  of  the  water  to  be  much  diminished  by  the  boiling,  or  a 
portion  of  sulphate  of  calcium  may  be  precipitated,  together  with 
the  earthy  carbonates  ; boiling  distilled  water  should  be  added  from 
time  to  time.  The  precipitate  is  collected  on  a filter,  dissolved  in 
hydrochloric  acid,  a few  drops  of  nitric  acid  added,  and  the  oxide 
of  iron,  lime,  and  magnesia  separated  from  each  other  and  estimated 
as  above  described. 
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Estimation  of  the  Lurie  and  Magnesia  in  the  Filtrate  from  the 
precipitate  produced  by  boiling. — They  are  determined  as  above,  the 
lime  being  first  precipitated  by  oxalate  of  ammonium,  and  the 
magnesia  subsequently  by  phosphate  of  sodium ; it  may  be 
necessary  previously  to  concentrate  the  water  by  evaporation. 
The  joint  amounts  of  the  oxide  of  iron,  lime,  and  magnesia, 
obtained  from  the  precipitate  by  boiling,  and  from  the  filtrate, 
ought  to  correspond  with  th«  total  quantity  of  these  substances 
found  by  the  previous  experiment. 

Estimation  of  the  Alkalies. — About  10,000  grains  of  the  water 
are  evaporated  to  about  one  half,  then  mixed  with  excess  of 
baryta  water,  filtered,  carbonate  of  ammonium  added,  again 
filtered,  and  the  filtrate  evaporated  to  dryness  and  ignited.  The 
residue  contains  the  alkalies,  which  are  converted  into  chlorides 
by  the  addition  of  slight  excess  of  hydrochloric  acid,  and  after 
gentle  ignition  carefully  weighed ; the  mixed  chlorides  are 
dissolved  in  a small  quantity  of  water,  and  treated  with  excess  of 
an  aqueous  solution  of  chloride  of  platinum ; the  solution,  which 
should  have  a yellow  colour,  is  evaporated  to  dryness  over  the 
water-bath,  and  the  dry  mass  is  treated  with  a mixture  of  ether 
and  alcohol ; the  crystalline  residue,  which  is  the  double  chloride 
of  platinum  and  potassium,  is  collected  on  a filter  which  has  been 
previously  dried  in  the  water-bath  and  accurately  weighed  ; it  is 
here  washed  with  alcohol  and  ether  till  the  whole  of  the  excess  of 
chloride  of  platinum  is  removed;  it  is  then  dried  at  21 20,  and 
weighed;  it  contains  16  per  cent,  of  potassium  = 3<o,56  of 
chloride.  The  amount  of  sodium  is  calculated  from  the  difference 
between  the  quantity  of  chloride  of  potassium  found  and  the 
original  weight  of  the  mixed  chloride  of  potassium  and  sodium 
analysed. 

Determination  of  the  Degree  of  Hardness  of  a Natural  Water 
(Clark’s  process). — By  the  term  hardness,  as  applied  to  a water, 
is  understood  that  property  which  it  possesses  of  decomposing 
soap  and  of  forming  therewith  an  insoluble  compound.  All 
natural  waters  possess  this  property  in  a greater  or  less  degree,  but 
practically  the  hardening  constituents  are  the  earthy  salts,  viz. 
the  carbonates  of  calcium  and  magnesium,  chlorides  of  calcium 
and  magnesium,  sulphate  and  nitrate  of  calcium,  and  sulphate  of 
magnesium ; the  alkaline  salts  are  almost  without  any  effect. 
Waters  which  have  their  origin  in  chalky  soils,  where  the  water 
charged  with  carbonic  acid  percolates  through  the  soil,  and  readily 
takes  up  some  of  those  salts,  which  are  otherwise  nearly  insoluble 
are  nearly  always  very  hard;  and  it  is  important,  therefore,  to 
ascertain  how  this  hardness  may  be  removed,  or  at  any  rate 
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lessened,  in  the  cheapest  and  most  effectual  manner.  Now  the 
hardness  of  a water  may  he  temporary  only,  or  it  may  he  per- 
manent. If  the  only  earthy  salts  it  contains  are  the  carbonates  of 
calcium,  or  of  magnesium,  or  both,  they  may  be  removed  by 
simply  boiling ; but  if  the  water  contain  calcium  and  magnesium 
only  in  the  forms  of  nitrates,  sulphates,  and  chlorides,  it  cannot  be 
improved  by  mere  boiling,  and  its  hardness  is  very  difficult  to 
remove.  If  the  water  contain  earthy  salts  in  the  forms  of 
carbonates , sulphates , nitrates , and  chlorides,  then  it  will  have  its 
hardness  lessened  by  boiling,  precisely  in  proportion  to  the  quantity 
of  earthy  carbonates  which  it  contains. 

We  are  indebted  to  Dr.  Clark  for  a very  simple  method  of 
determining  the  degree  of  hardness  of  a water.  It  consists  in 
ascertaining  the  quantity  of  a standard  solution  of  soap  in  spirit 
required  to  produce  a permanent  lather  with  a given  quantity  of 
the  water  under  examination ; the  result  being  expressed  in 
degrees  of  hardness,  each  of  which  corresponds  to  one  grain  of 
carbonate  of  calcium  in  a gallon  ( = 70,000  grains  of  distilled 
water)  of  the  water.  From  the  specification  of  his  patent  (enrolled 
September  8,  1851),  we  gather  the  following  particulars: — 

(a.)  Preparation  of  the  Soap-test. — Sixteen  grains  of  pure 
Iceland  spar  (carbonate  of  calcium)  are  dissolved  (taking  care  to 
avoid  loss)  in  pure  hydrochloric  acid  ; the  solution  is  evaporated  to 
dryness  in  an  air-bath,  the  residue  is  again  redissolved  in  water, 
and  again  evaporated,  and  these  operations  are  repeated  until  the 
solution  gives  to  test-paper  neither  an  acid  nor  an  alkaline 
reaction.  The  solution  is  made  up  by  additional  distilled  water 
to  the  bulk  of  precisely  one  gallon  ; it  is  then  called  the  ‘ standard 
solution  of  16  degrees  of  hardness.’  Good  Loudon  curd  soap  is 
dissolved  in  proof  spirit,  in  the  proportion  of  one  ounce  avoirdupois 
for  every  gallon  of  spirit,  and  the  solution  is  filtered  into  a well- 
stoppered  phial  capable  of  holding  2,000  grains  of  distilled  water ; 
100  test-measures,  each  measure  equal  to  10  water  grain-measures 
of  the  standard  solution  of  16  degreee  of  hardness,  are  introduced. 
Into  the  water  in  this  phial  the  soap-solution  is  gradually  poured 
from  a graduated  burette ; the  mixture  being  well  shaken  after 
each  addition  of  the  solution  of  soap,  until  a lather  is  formed  of 
sufficient  consistence  to  remain  for  five  minutes  all  over  the  surface 
of  the  water,  when  the  phial  is  placed  on  its  side.  The  number  of 
measures  of  soap-solution  is  noticed,  and  the  strength  of  the 
solution  is  altered,  if  necessary,  by  a further  addition  of  either 
soap  or  spirit,  until  exactly  32  measures  of  the  liquid  are  required 
for  100  measures  of  the  water  of  16  degrees  ot  hardness.  I he 
experiment  is  made  a second  and  a third  time,  in  order  to  leave  no 
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doubt  as  to  the  strength  of  the  soap  solution,  and  then  a large 
quantity  of  the  test  may  he  prepared  ; for  which  purpose  Dr. 
Clark  recommends  to  scrape  off  the  soap  into  shavings,  by  a 
straight  sharp  edge  of  glass,  and  to  dissolve  it  by  heat  in  part  of 
the  proof  spirit,  mixing  the  solution  thus  formed  with  the  rest  of 
the  proof  spirit. 

(b.)  Process  f or  ascertaining  the  Hardness  of  Water. — Previous 
to  applying  the  soap-test,  it  is  necessary  to  expel  from  the  water 
the  excess  of  carbonic  acid ; that  is,  the  excess  over  and  above 
what  is  necessary  to  form  alkaline  or  earthy  bicarbonates ; this 
excess  having  the  property  of  slowly  decomposing  a lather  once 
formed.  For  this  purpose,  before  measuring  out  the  water  for 
trial,  it  should  be  shaken  briskly  in  a stoppered  glass  bottle  half 
filled  with  it,  sucking  out  the  air  from  the  bottle  at  intervals  by 
means  of  a glass  tube,  so  as  to  change  the  atmosphere  in  the 
bottle;  ioo  measures  of  the  water  are  then  introduced  into  the 
stoppered  phial,  and  treated  with  the  soap-test,  the  carbonic  acid 
eliminated  being  sucked  out  from  time  to  time  from  the  upper 
part  of  the  bottle.  The  hardness  of  the  water  is  then  inferred 
directly  from  the  number  of  measures  of  soap-solution  employed, 
by  reference  to  the  Table  on  p.  396.  In  trials  of  waters  above  16 
degrees  hardness,  100  measures  of  distilled  water  should  be  added, 
and  60  measures  of  the  soap-test  dropped  into  the  mixture,  pro- 
vided a lather  is  not  formed  previously.  If  at  60  test-measures  of 
soap-test,  or  at  any  number  of  such  measures  between  320  and  6o°, 
the  proper  lather  be  produced,  then  a final  trial  may  be  made  in 
the  following  manner: — 100  test-measures  of  the  water  under 
trial  are  mixed  with  100  measures  of  distilled  water,  well  agitated, 
and  the  carbonic  acid  sucked  out ; to  this  mixture  soap-test  is 
added  until  the  lather  is  produced,  the  number  of  test-measures 
required  is  divided  by  two,  and  the  double  of  such  degree  will  be 
the  hardness  of  the  water  ; for  example,  suppose  half  the  soap-test 
that  has  been  required  correspond  to  io—  degrees  of  hardness, 
then  the  hardness  of  the  water  under  trial  will  be  21.  Suppose, 
however,  that  60  measures  of  the  soap-test  have  failed  to  produce 
a lather,  then  another  100  measures  of  distilled  water  are  added, 
and  the  preliminary  trial  made,  until  90  test-measures  of  soap- 
solution  have  been  added ; should  a lather  now  be  produced,  a 
final  trial  is  made  by  adding  to  100  test-measures  of  the  water  to 
be  tried  200  test-measures  of  distilled  water,  and  the  quantity  of 
soap-test  required  is  divided  by  3,  and  the  degree  of  hardness 
corresponding  with  the  third  part  being  ascertained  by  comparison 
with  the  standard  solutions,  this  degree  multiplied  by  3 will  be 
the  hardness  of  the  water.  Thus,  suppose  84-5  measures  of  soap- 
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solution  were  required,  = 2g.5(  anc^  on  referr;ng  to  the 

Table  this  number  is  found  to  correspond  to  140,  which,  multiplied 
*7  3>  gives  420  for  the  actual  hardness  of  the  water. 

TABLE  OE  SOAP-TEST  MEASURES,  CORRESPONDIN’ G TO  ONE 
HUNDRED  TEST-MEASURES  OE  EACH  STANDARD  SOLUTION. 


Degree  of  Soap-test 

Hardness  Measures 

0 (distilled  water)  1 *4 

Differences  as  for 
the  next  Degree 
of  Hardness 

r8 

1 

. . 3-2 

. 2-2 

2 

. . 5-4 

. 2-2 

3 

. . 7-6 

. 2-0 

4 

9-6 

. 2'0 

S 

1 1 -6 

2'0 

6 

• • i3'6 

. 2-0 

7 

15-6 

1-9 

8 

. . 177 

1-9 

9 

. . 19-4 

i-9 

10 

. 21-3 

i-8 

1 1 

• • 23-1 

r8 

12 

. . 249 

18 

13 

267 

i-8 

14 

28-5 

i-8 

15 

• • 3o-3 

17 

16 

. . 32-0 

"When  the  measures  of  soap-test  necessary  to  form  a lather 
with  100  test-measures  of  a water  exactly  correspond  with  the 
standard  solution,  then  the  degree  of  hardness  will  be  the  corre- 
sponding integral  number  found  in  the  first  column.  Thus,  24-9 
of  soap-test  will  indicate  120  of  hardness,  267  of  soap-test  will 
indicate  130  of  hardness,  and  so  on.  But  if  the  measures  of  soap- 
test  do  not  exactly  correspond  with  a number  in  the  first  column, 
the  hardness  will  be  expressed  partly  by  an  integer  and  partly  by 
a fraction.  The  integer  will  be  the  hardness  corresponding  to  the 
next  lower  number  in  the  soap-test  column.  The  numerator  of  the 
fraction  will  be  the  excess  of  the  soap-test  measures  in  question 
above  this  number.  The  denominator  of  the  fraction  will  be  the 
corresponding  difference  which  follows  the  soap-test  in  the  next 
column. 

Example. — Let  25-8  be  the  measures  of  soap-test  required  by 
100  test-measures  of  a given  water  ; 24^9  is  the  next  lower  num- 
ber in  the  soap-test  column;  therefore  120  of  hardness,  the 
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corresponding  degree,  is  the  integral  part  of  the  required  hard- 
ness. The  numerator  of  the  fraction  is  25  8 — 24'9  = 0^9  ; the 
denominator  is  the  corresponding  difference  = r8.  Therefore  the 

fraction  is  ~ =o,‘5,  and  the  whole  hardness  is  I2,5°. 
i-8 

To  infer  the  degree  of  hardness  from  an  ordinary  analysis,  Dr. 
Clark  gives  the  following  rule  : — Compute  the  number  of  grains 
of  lime,  magnesia,  oxide  of  iroif,  and  alumina  in  a gallon  of  water 
each,  into  its  equivalent  of  chalk  ; the  sum  of  those  equivalents 
will  be  the  hardness  of  the  water.  The  experiments  of  Mr. 
Campbell,  however,  show  that  this  rule  is  not  always  accurate. 
He  found  that  water  containing  sulphate  of  magnesium  alone  acts 
towards  the  soap-test  in  producing  with  it  a perfect  lather, 
similarly,  or  nearly  so,  as  water  containing  a calcium  salt  alone, 
only  when  the  equivalent  of  magnesian  salt  does  not  exceed  six 
grains  of  carbonate  calcium  in  a gallon  of  water.  From  that  point 
the  magnesian  standards  begin  not  to  require  so  much  soap- 
test  as  the  lime  ; and  as  the  standards  increase,  this  difference  in 
soap-test  increases  till  the  magnesian  standard  of  160  requires 
only  19-6°  soap-tests;  whilst  the  lime  standard  of  160  requires 
32.  In  standard  solutions  containing  160,  120,  8°,  6°,  40,  20 
lime  in  a gallon  plus  i°,  20,  30,  40  magnesia,  and  so  on  up  to 
1 6°,  less  soap-test  was  requisite  to  cause  a perfect  lather  in 
most  of  the  solutions  than  is  requisite  for  the  standard  of  lime 
alone  contained  in  them  ; or,  in  other  words,  the  magnesia 
appeared  to  soften  the  lime  standards,  and  this  peculiarity  was 
found  to  increase  as  the  magnesia  increased.  For  example, 
a standard  of  lime  of  160  takes  32  test-measures,  a standard 
of  lime  160  + i°  magnesia  takes  31-6,  and  a standard  of  lime 
160  + 160  magnesia  takes  27-9.  It  thus  appears  that  when  a 
water  contains  both  magnesia  and  lime  salts  (the  former  in 
quantity),  the  degree  of  hardness  of  the  water  cannot  be  taken 
as  representing  the  amount  of  the  earthy  salts  present ; neither 
can  it  he  considered  as  giving  the  amount  of  lime.  It  is  rarely, 
however,  that  a water  applicable  to  domestic  use  occurs  in  which 
there  is  such  an  amount  of  magnesia  present  as  to  occasion 
serious  disturbances  in  the  indications  of  the  soap-test. 

Lastly,  to  obtain  uniform  results,  Dr.  Clark  recommends  that 
as  soon  as  a lather  is  formed,  such  as  will  remain  for  five  minutes, 
an  interim  note  be  taken  of  the  quantity  of  soap-test  used.  In 
about  half  an  hour  the  bottle  should  be  shaken  again,  to  see 
whether  the  lather  will  still  remain  for  five  minutes.  If  the  water 
does  not  exceed  40  or  50  of  hardness,  it  is  likely  to  require  a little 
more  soap-test  upon  this  renewed  shaking;  but  in  every  case 
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where  more  soap-test  is  required,  more  must  he  added.  This 
latter  quantity  and  the  former  will  together  make  up  the  whole 
soap -test. 

Determination  of  the  Amount  of  Organic  Matter  in  Water. — 
This,  as  Dr.  Miller  observes  ('Jour.  Chem.  Soc.’,  1865,  p.  118), 
is  the  most  difficult  and  at  the  same  time  most  important  problem 
in  the  analysis  of  potable  water.  The  plan,  often  practised,  of 
simply  evaporating  down  to  dryness,  weighing,  and  then  igniting 
and  weighing  a second  time,  always  leads  to  inexact  results,  and 
commonly  produces  an  over-estimate  of  the  amount  of  organic 
matter,  owing  to  the  loss  especially  of  hydrochloric  acid  and  car- 
bonic acid,  if  much  magnesian  salts  are  present.  It  is  better 
to  add  a known  quantity  of  fused  carbonate  of  sodium  to  the 
vessel  in  which  the  evaporation  is  being  effected,  and  this  is  best 
performed  in  a thin  platinum  crucible  capable  of  containing  at 
least  three  ounces  of  water,  and  provided  with  a platinum  cover. 
When  the  weight  of  the  dry  residue  is  ascertained,  the  amount  of 
carbonate  added  is  simply  deducted  from  the  weight  obtained. 

The  drying  of  the  residue  should  be  completed  in  an  air-bath, 
the  temperature  of  which  is  maintained  for  one  hour  at  about  300° 
Fahr.  After  being  carefully  weighed,  the  organic  matter  is  burnt 
off  at  a low  red-heat,  and  the  residue,  when  cold,  again  weighed,  the 
crucible  being  covered.  After  the  ignition  the  saline  mass  should 
be  moistened  with  a saturated  solution  of  carbonic  acid  in  dis- 
tilled water,  and  then  again  be  evaporated  to  dryness,  and  the 
residue  maintained  for  one  hour  in  the  air-bath  at  the  same  tem- 
perature as  that  employed  in  the  original  desiccation. 

In  this  way  we  shall  have  ascertained  the  amount  of  the 
soluble  constituents  (both  fixed  and  organic),  as  well  as  an 
approximative  estimate  of  the  amount  of  organic  matter.  As  an 
accessory  test  of  the  amount  of  organic  matter  dissolved  in  water, 
a solution  of  permanganate  of  potassium  may  be  employed. 
Miller  recommends  a solution  such  that  10,000  water-grain 
measures  shall,  in  an  acidulated  solution,  exert  an  oxidizing  power 
equal  to  that  of  one  grain  of  oxygen,  or  1 cubic  centimetre  of 
liquid  shall  be  equivalent  to  6-i  milligramme  of  oxygen.  For 
this  purpose  3-95  grains  of  pure  crystallized  permanganate  in 
10,000  grains  of  water  should  suffice.  This  will  be  equivalent  to 
0-379  gramme  of  the  salt  in  a litre  of  water,  but  its  power  may  be 
exactly  measured  . by  means  of  a freshly-prepared  solution  of 
crystallized  oxalic  acid  containing  7-875  grains  in  10,000  measured 
grains  of  water  or  0-7875  gramme  of  oxalic  acid  in  1 litre  of 
water.  100  measures  of  this  solution,  warmed  with  a very  dilute 
solution  of  sulphuric  acid,  should  decolorize  exactly  100  measures 
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of  the  permanganate.  0^05  gall.  (8  oz.)  of  the  water  is  placed  in 
a flask  with  50  grains  of  diluted  sulphuric  acid  (1  of  acid  to  3 of 
water);  20  grains  of  the  permanganate  solution  may  then  be 
added,  the  flask  being  placed  on  a white  ground  in  front  of 
a window.  At  intervals  of  fifteen  minutes  it  is  examined,  and 
successive  quantities  of  10  or  of  5 grains  of  the  permanganate 
solution  are  added  in  proportion  to  the  rapidity  and  completeness 
with  which  the  colour  disappears.  These  successive  additions  of 
permanganate  must  be  made  until  the  last  addition  remains 
sensibly  unaltered  after  the  lapse  of  half  an  hour,  which  generally 
occurs  between  two  and  three  hours  from  the  commencement  of 
the  experiment.  The  number  of  water-grains  consumed  is  then 
ascertained,  and  on  multiplying  this  number  by  20  we  have  the 
quantity  of  oxygen  in  j^gths  of  a grain  consumed  in  oxidizing  the 
organic  matter  in  1 gallon  of  the  sample  of  water. 

Estimation  of  Ammonia  in  Potable  Water. — This,  which  is  a 
point  of  importance,  is  readily  effected  as  follows  (Miller,  ‘Jour. 
Chem.  Soc.’  vol.  xviii.  p.  135)  : — Into  a capacious  retort  a quart 
of  the  water  is  introduced,  and  the  retort  connected  with  a suitably 
mounted  Liebig  condenser ; an  ounce  of  barvta-water  is  then 
added,  and  10  ounces  of  water  are  distilled  over  slowly ; or  1 
litre  of  water  may  be  used,  25  c.c.  of  baryta-water,  and  250  c.c.  of 
water  distilled  over.  The  residue  in  the  retort  is  filtered,  and 
separated  from  the  carbonate  and  sulphate  of  barium.  The  dis- 
tillate is  divided  into  two  equal  portions : one  of  these  is  sub- 
mitted to  Nessler’s  test  for  ammonia  in  the  following  manner,  as 
recommended  by  Mr.  Hadow  : — Make  a concentrated  solution  of 
an  ounce  or  more  of  corrosive  sublimate ; having  dissolved  2 £ 
ounces  of  iodide  of  potassium  in  about  10  ounces  of  water,  add  to 
this  the  mercurial  solution  until  the  iodide  of  mercury  ceases  to 
be  dissolved  on  agitation ; next  dissolve  6 ounces  of  solid  hydrate 
of  potash  in  its  own  weight  of  water,  and  add  it  gradually  to  the 
iodized  mercurial  solution,  stirring  whilst  the  mixture  is  being 
made ; then  dilute  the  liquid  with  distilled  water  till  it  measures 
I quart.  When  first  prepared,  it  usually  has  a brown  colour  of 
greater  or  less  intensity,  owing  to  the  presence  of  a little  ammonia, 
but  if  set  aside  for  a day  or  two  it  becomes  clear  and  nearly 
colourless  ; the  clear  liquid  may  then  be  decanted  for  use.  For  a 
litre  of  the  test  liquid  of  equal  strength,  62-5  grammes  of  iodide 
of  potassium  and  150  grammes  of  solid  caustic  potash  will  be 
required.  About  50  grains  (3  c.c.)  of  this  solution  are  drawn  off 
by  a marked  pipette  and  added  to  one-half  of  the  distillate.  If  no 
ammonia  be  present,  the  mixture  remains  colourless;  but  if 
ammonia  be  present,  the  liquid  will  assume  a yellowish  tinge  of 
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greater  or  less  intensity.  The  liquid  will  remain  clear  if  the 
ammonia  does  not  exceed  oj^th  of  a grain  in  the  5 ounces,  cr 
about  0-25  milligramme  in  125  grins,  of  the  distillate.  The  quan- 
tity of  ammonia  in  such  a case  may  he  very  accurately  estimated 
in  the  following  manner : — A solution  of  sal  ammoniac  is  prepared 
containing  3-17  grains  of  the  salt  in  10,000  grains  of  water  (or 
°‘3I7  gramme  of  the  salt  per  litre),  which  is  equivalent  to  Y™th 
of  a grain  of  ammonia  in  each  grain  of  this  solution,  or  o-i  gramme 
in  1 litre.  Suppose  that  a tint  is  obtained  in  the  distilled  liquid 
which  experience  leads  the  observer  to  estimate  say  at  T~ths 
of  a grain.  50  grains  of  the  standard  sal  ammoniac  solution  are 
placed  in  a beaker  similar  in  size  to  that  used  for  the  distillate 
under  trial,  then  diluted  with  5 ounces  of  distilled  water  pre- 
viously ascertained  to  be  free  from  ammonia  (an  impurity  not 
unfrequently  met  with  in  the  first,  portions  of  water  which  come 
over  in  distillation)  ; lastly,  50  grains  of  the  mercurial  test-liquor 
are  added.  If  the  tint  coincides  in  intensity  with  that  furnished 
by  the  distillate  which  has  received  an  equal  quantity  of  the  mer- 
curial test,  the  amount  of  ammonia  may  be  considered  to  corre- 
spond with  that  taken  in  the  liquid  for  comparison ; if  the  dis- 
tillate appear  to  have  a deeper  or  a paler  tint,  a second  approxi- 
mative trial  with  a larger  or  a smaller  quantity  of  sal  ammoniac 
must  be  made,  and  so  on,  until  the  operator  is  satisfied  that  the 
tints  coincide.  On  multiplying  the  number  of  grains  of  sal 
ammoniac  solution  by  8,  the  product  will  give  in  j^ths  of  a grain 
the  quantity  of  ammonia  per  gallon  in  the  water  under  exami- 
nation. 

Example.— Suppose  the  amount  of  ammonia  in  the  125  c.c. 
operated  upon  to  be  estimated  at  0-25  milligramme,  the  observer 
takes  2'5  c.c.  of  the  sal  ammoniac  solution  and  dilutes  it  with 
distilled  water  to  125  c.c. ; he  then  adds  3 c.c.  of  the  mercurial 
liquor,  and  compares  it  with  the  tint  produced  in  the  distillate 
by  a like  addition  of  the  mercurial  test.  If  the  two  tints  corre- 
spond, multiply  by  2 the  number  of  c.c.  of  sal  ammoniac  solution 
required,  and  the  number  obtained  will  give  the  proportions  of 
ammonia  per  litre  in  ioths  of  a milligramme. 

When  the  quantity  of  ammonia  exceeds  the  20th  of  a grain 
per  gallon,  or  cr6  milligrammes  per  litre,  it  is  necessary  to  deter- 
mine the  amount  by  neutralization ; and  it  was  to  provide  for 
this  contingency  that  the  second  half  of  the  ammoniacal  dis- 
tillate was  directed  to  be  reserved. 

The  Test  Acid.— Mix  2-882  grains  of  oil  of  vitriol  with  t,ooo 
grains  of  distilled  water,  or  2-882  grammes  with  1 litre  ; a liquid 
is  thus  obtained,  1 grain  of  which  will  neutralize  joooo^k  a 
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grain  of  ammonia,  or  1 c.c.,  will  be  equivalent  to  1 milligramme. 
The  neutralization  is  effected  in  the  ordinary  way  (see  Alka- 
limetry),  using  infusion  of  litmus  to  indicate  the  point  of  tran- 
sition from  alkalimity  to  commencing  acidity. 

Messrs.  Wanklyn  and  Chapman,  in  their  excellent  little  prac- 
tical treatise  on  the  ‘ Examination  of  Potable  Waters/  have 
described  some  important  modifications  of  the  above-described 
method  of  determining  the  amount  of  ammonia  in  water.  ‘ Most 
kinds  of  water/  they  observe,  ‘ contain  ammonia  (or  ammo- 
niacal  salts),  which  either  was  recently  or  will  presently  become 
a constituent  of  organic  matter.  In  addition  to  this,  many  kinds 
of  water  actually  do  contain  more  or  less  nitrogenous  organic 
matter,  which  furnishes  ammonia  either  on  simple  boiling  with 
carbonate  of  sodium  or  else  on  boiling  with  permanganate  of 
potassium  in  presence  of  excess  of  alkali.  By  estimating  the 
amount  of  ammonia  obtainable  from  water,  noting  the  circum- 
stances under  which  it  is  obtained,  we  have  a measure  of  the 
nitrogenous  organic  matter  present  in  water.’  The  following  is 
their  mode  of  procedure  : — 

‘ Half  a litre  of  the  water  is  placed  in  a tubulated  retort,  and 
15  c.c.  of  a saturated  solution  of  carbonate  of  sodium  added. 
The  water  is  then  distilled  until  the  distillate  begins  to  come  over 
free  from  ammonia  (i.e.  until  50  c.c.  of  distillate  contain  less 
than  j^oth  of  a milligramme  of  ammonia).  A solution  of  potash 
and  permanganate  of  potassium  is  next  added.  This  solution  is 
made  by  dissolving  200  grms.  of  solid  caustic  potash  and  8 grins, 
of  crystallized  permanganate  of  potassium  in  a litre  of  water.  The 
solution  is  boiled  to  expel  any  ammonia,  and  both  it  and  the  solu- 
tion of  carbonate  of  sodium  ought  to  be  tested  on  a sample  of  pure 
water  before  being  used  in  the  examination  of  water.’ 

50  c.c.  of  this  solution  of  potash  and  permanganate  should  be 
used  with  half  a litre  of  the  water  to  be  tested.  The  distillation 
is  continued  until  50  c.c.  of  the  distillate  coutain  less  than  j^th 
milligramme  of  ammonia.  Both  sets  of  distillate  have  the 
ammonia  in  them  determined  by  means  of  the  Nessler  test,  as 
described  above. 

A standard  ammonia  solution  containing  ^-th  of  a milli- 
gramme of  ammonia  in  1 cubic  centimetre  may  be  made  by  dis- 
solving 0-03882  grm.  of  sulphate  of  ammonium  in  a litre  of  water. 
Practically,  however,  it  is  convenient  to  keep  a solution  of  ten 
times  this  strength  (0-3882  grm.  of  sulphate  of  ammonium  in  a 
litre  of  water),  and  to  dilute  it  when  required  for  use. 

The  colour  observations  of  the  Nessler  determination  are 
best  made  in  narrow  glass  cylinders  of  such  a diameter  that 
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loo  c-c-  °f  the  water  to  be  tested  form  a stratum  about  7 inches 
deep.  The  depth  of  tint  is  best  observed  by  placing  those  cylinders 
upon  a sheet  of  white  paper  near  a window,  and  looking  at  the 
surface  of  the  liquid  obliquely. 

Estimation  of  Nitrogen  existing  as  Nitrates  and  Nitrites. — For 
this  purpose  Frankland  employs  a modification  of  a process  pro- 
posed twenty  years  ago  by  Walter  Crttm  for  the  refraction 
of  nitre  (‘  Phil.  Mag.’  xxx.  426).  It  consists  in  agitating  with 
mercury  a concentrated  solution  of  the  nitrate  or  nitrite  with  a 
large  excess  of  concentrated  sulphuric  acid,  when  the  whole  of 
the  nitrogen  is  evolved  as  nitric  oxide.  For  the  details  of  this 
method  the  reader  is  referred  to  the  elaborate  memoir  on  the 
Analysis  of  Potable  Waters,  by  Frankland  and  Armstrong, 
published  in  the  ‘Journal  of  the  Chemical  Societj^’  (vol.  xxi. 
p.  77).  In  the  same  volume  will  be  found  a description  of  the 
equally  exact  method  proposed  by  Chapman,  which  depends  on 
the 'reduction  of  the  nitric  acid  to  ammonia  by  means  of  aluminum 
in  an  alkaline  solution,  and  the  measurement  of  the  ammonia 
formed  either  by  the  Nessler  test  or  by  titration.  The  process 
is  conducted  as  follows  : — The  first  thing  to  be  done  is  to  obtain 
some  idea  of  the  quantity  of  nitrate  contained  in  the  water.  For 
this  purpose  boil  a little  of  it  in  a flask  with  caustic  soda,  free 
from  nitrate,  until  a sample  of  it  does  not  colour  the  Nessler 
test,  and  then  introduce  a slip  of  aluminum  foil.  As  soon  as  this 
is  dissolved,  decant  the  liquid  into  a test-tube,  add  the  Nessler 
test,  and  note  the  colour  produced.  Should  it  be  very  dark,  or 
should  a precipitate  be  formed,  either  very  little  of  the  water 
(10  c.c.  to  25  c.c.)  must  be  employed,  or  a tolerably  large  quan- 
tity, and  the  ammonia  produced  determined  by  titration  (see 
Alkalimetry)  ; if,  on  the  other  hand,  the  colour  is  very  pale, 
200  c.c.  will  be  a convenient  quantity  to  employ.  For  common 
waters,  100  c.c.  is  ample. 

Having  learnt  what  sort  of  water  is  in  hand,  measure  off  the 
volume  indicated  by  the  preliminary  experiments;  introduce  it 
into  a non-tabulated  retort,  and  add  50  to  70  c.c.  of  a solution  of 
caustic  soda  containing  100  grms.  of  soda  in  the  litre.  If  very 
little  water  has  been  used,  add  some  distilled  water.  The  contents 
of  the  retort  are  now  to  be  distilled  until  they  do  not  much 
exceed  100  c.c.,  and  until  no  more  ammonia  can  be  detected  in 
the  distillate  by  the  Nessler  test.  The  retort  is  now  cooled,  and 
a piece  of  aluminum  foil  introduced.  The  neck  of  the  retort  is 
now  inclined  a little  upwards,  and  its  mouth  closed  by  a cork, 
through  which  passes  the  narrow  end  of  a small  tube  filled  up 
with  broken-up  tobacco-pipe,  wet  either  with  water  or  with  very 
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dilute  pure  hydrochloric  acid.  This  tube  need  not  he  more  than 
an  inch  and  a half  long,  nor  larger  than  a goose-quill.  It  is  con- 
nected with  a second  tube,  containing  pumice-stone  moistened 
with  strong  sulphuric  acid.  This  last  tube  serves  to  prevent  any 
ammonia  from  the  air  from  entering  the  apparatus,  which  is 
allowed  to  stand  in  this  way  for  a few  hours  or  over  night.  The 
contents  of  the  pipe-clay  tube  a^3  now  washed  into  the  retort 
with  a little  distilled  water,  and  the  retort  is  adapted  to  a con- 
denser, the  other  end  of  which  dips  beneath  the  surface  of  a little 
distilled  water  (about  70  to  So  c.c.).  The  contents  of  the  retort 
are  now  distilled  to  about  half  their  original  volume.  The  dis- 
tillate is  made  up  to  150  c.c. ; ^0  c.c.  of  this  are  taken  out,  and 
the  Kessler  test  added  to  them.  If  the  colour  so  produced  is 
not  too  strong,  the  estimation  may  be  made  at  once  ; if  it  is,  the 
remainder  of  the  distillate  must  be  diluted  with  the  requisite 
quantity  of  water.  Should  it  be  desired  to  determine  the  ammonia 
by  titration,  half  a litre  of  the  water  must  be  evaporated  down  to 
a small  bulk,  and  this  small  bulk  treated  in  exactly  the  same 
manner,  except  that  the  distillate  is  received  in  dilute  standard 
sulphuric  acid  instead  of  water. 

The  presence  of  nitrites  in  the  well  waters  of  towns  is  not 
unusual.  The  reactions  of  the  nitrites  upon  iodide  of  potassium 
and  starch  employed  by  Dr.  David  Price  as  a test  for  the  iodides 
may  be  used  conversely  to  detect  traces  of  nitrites  in  waters, 
which  it  will  reveal  when  the  amount  of  nitrite  pressure  is  con- 
siderably less  than  a grain  per  gallon.  It  is  merely  necessary  to 
add  to  a little  dilute  starch  a few  drops  of  a weak  solution  of 
iodide  of  potassium,  and  then  a few  ounces  of  the  water  slightly 
acidulated  with  dilute  sulphuric  acid ; an  instantaneous  blue 
colouration  of  the  starch  by  liberated  iodine  will  occur  if  the 
water  contains  any  sensible  amount  of  nitrite.  The  quantity  of 
nitrites  may  be  approximately  estimated  by  the  amount  of  a 
graduated  solution  of  permanganate,  which  a given  measure  of  the 
water  (say  0-05  gallons,  or  250  c.c.)  will  bleach.  When  the 
solution  of  permanganate  of  potassium  is  employed  to  determine 
the  amount  of  organic  matter,  if  nitrites  be  present,  part  of  the 
permanganate  will  be  destroyed  by  their  action  ; the  bleaching, 
though  not  absolutely  instantaneous,  takes  place  in  a few  seconds  ; 
and  therefore  it  can  be  at  once  distinguished  and  measured 
separately  from  the  reducing  effect  occasioned  by  the  organic 
matter,  which  is  always  very  gradual.  The  discolouration  of  1 
grain  of  a solution  of  permanganate  containing  3-95  grains  of  the 
crystallized  salt  in  icrooo  grains  of  water  would  represent  o 00237 
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grains  of  nitrous  acid,  or  i c.c.  would  be  equivalent  to  o'2 37 
milligramme. 

To  convert  tbe  report  of  tbe  number  of  grains  per  gallon 
(70,000)  into  parts  in  1,000,000  (or  what  amounts  to  tbe  same 
thing,  to  milligramme  per  litre),  divide  the  results  by  7,  and  mul- 
tiply by  100.  If  the  quantities  per  litre  have  been  obtained  in 
milligrammes,  the  proportion  in  grains  per  gallon  is  given  by  the 
converse  operation  of  dividing  by  100  and  multiplying  by  7. 

Detection  and  Estimation  of  Lead. — This  fortunately  is  at- 
tended with  no  difficulties,  though  certain  precautions  are  neces- 
sary when  the  water  contains  (as  almost  all  natural  waters  do, 
more  or  less)  soluble  organic  matters.  We  possess  in  sulphuretted 
hydrogen  a test,  by  which  the  presence  of  \ of  a grain  of  lead  is 
indicated  in  1 gallon  of  distilled  water  by  the  production  of  a 
brown  tinge.  In  making  the  experiment,  the  beaker  should  be 
placed  on  a sheet  of  white  paper,  and  a second  beaker,  to  which 
no  sulphuretted  hydrogen  has  been  added,  should  be  placed  by  its 
side,  also  on  white  paper,  so  that  the  faintest  brown  tinge  may  be 
rendered  evident  by  comparison  ; a few  drops  of  pure  hydro- 
chloric acid  should  be  added  previous  to  the  application  of  the  test. 
Dr.  Smith,  in  his  investigation  of  the  action  of  the  waters  of  the 
Dee  and  the  Don  on  lead  pipes  and  cisterns,  employed  the  tint 
produced  by  sulphuretted  hydrogen  as  a means  of  estimating, 
quantitatively,  the  amount  of  lead  deposited  in  water.  r6  grains 
of  nitrate  of  lead  were  dissolved  in  1,000  grains  of  distilled  water; 
a solution  was  thus  prepared,  1,000  grains  of  which  contained  1 
grain  of  metallic  lead.  From  an  accurately  graduated  measure, 
this  solution  was  dropped  into  a gallon  of  water  containing  no 
lead,  until  a transmission  of  sulphuretted  hydrogen,  the  same 
depth  of  tint,  was  developed  as  in  the  particular  case  on  tiial. 
Very  accurate  results  are  said  to  have  been  obtained,  until  the 
quantity  of  lead  exceeds  \ grain  per  gallon,  when  the  colour  gets 
so  dark  that  slight  differences  cannot  be  discriminated  : j^tli  of 
a grain  of  lead  to  a gallon  of  pure  water  gave  a tint  quite  percep- 
tible that  is,  one  of  metallic  lead  in  seven  millions , and  a less 
quantity  could  readily  be  distinguished  by  careful  comparison, 
even  in  specimens  previously  containing  a considerable  piopoition 
of  lead,  the  difference  of  ^th  of  a grain  was  plainly  visible. 
The  presence  of  organic  matter  in  solution  in  water  interferes 
materially  with  the  action  of  sulphuretted  hydrogen  on  the  lead 
which  it  may  contain ; and  as  Dr.  Smith  informs  us  that  nearly 
one-half  of  the  solid  matter  in  the  water  of  the  river  Dee  consisted 
of  organic  matter,  it  would  appear  that  the  method  he  describes 
could  not  give  very  reliable  quantitative  results.  Previous  to 
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applying  the  sulphuretted  hydrogen  test,  the  water  should  be  care- 
fully evaporated  to  dryness,  and  the  residue  ignited  in  a small 
porcelain  capsule,  whereby  the  organic  matter  is  destroyed.  The 
saline  matter  should  he  moistened  with  nitric  acid,  and  then 
warmed  with  the  addition  of  acetic  acid  and  water,  and,  if  neces- 
sary, filtered.  To  estimate  the  amount  of  lead  quantitatively,  a 
gallon  of  the  water  should  he  empl#yed  ; it  should  be  gently  eva- 
porated to  dryness,  and  the  residue  having  been  moistened  with  a 
few  drops  of  nitric  acid  and  ignited,  is  digested  with  dilute  hydro- 
chloric acid  and  filtered.  The  solution  is  neutralized  with  carbonate 
of  sodium,  and  acidified  with  acetic  acid ; a small  quantity  of 
bichromate  of  potassium  is  then  added,  and  the  liquid  set  aside 
for  some  hours.  If  a yellow  precipitate  is  produced,  it  is  chromate 
of  lead , which  is  redissolved  in  hydrochloric  acid,  and  tartaric 
acid  and  excess  of  ammonia  having  been  added,  sulphuretted 
hydrogen  is  passed  through  the  solution.  The  precipitated  sul- 
phide of  lead  is  washed  by  decantation,  and  converted  into  sulphate 
by  evaporating  to  dryness  with  a little  fuming  nitric  acid,  and  a 
drop  or  two  of  sulphuric  acid.  The  ignited  residue  contains  7 y6 
per  cent,  of  oxide  of  lead. 

WAX. — Wax  is  a product  secreted  by  bees ; or  rather,  fabri- 
cated by  bees  from  honey  or  sugar.  It  is  obtained  after  expressing 
the  honey  from  the  combs  by  melting  the  latter  into  cakes,  in 
which  state  it  constitutes  the  yellow  beeswax  of  shops.  Un- 
bleached beeswax  is  yellowish  brown;  has  an  odour  of  honey, 
and  is  tasteless.  When  bleached  it  is  perfectly  white,  and  has  a 
salvy  odour. 

Both  yellow  and  white  wax  are  often  adulterated  with  earthy 
matter,  such  as  chalk,  sulphates  of  calcium,  of  barium,  and  sodium, 
carbonate  of  barium,  &c. ; or  with  flour,  starch,  resin,  oxide  of 
lead,  of  zinc. 

Most  of  these  admixtures  may  be  detected  by  boiling  the  wax 
in  water,  which  will  separate  all  the  heavier  substances ; such  as 
chalk,  sulphate  of  calcium,  barium,  and  other  earthy  matter,  the 
oxide  of  lead,  of  zinc,  &c.  Sulphate  of  sodium  will  dissolve,  and 
and  on  .cooling  the  wax  will  be  found  in  the  solid  state  floating  on 
the  water. 

If  the  wax  has  been  adulterated  with  flour  or  fecula,  the  water 
in  which  the  wax  has  been  boiled  will  be  more  or  less  thick,  and 
after  cooling  it  will  produce  a blue  colour  with  solution  of  iodine. 
Or  all  these  impurities  may  be  estimated  directly  by  fusing  the 
wax  per  se  in  a capsule,  and  on  leaving  it  at  rest  the  impurities 
will  subside,  and  be  found  at  the  bottom  of  the  capsule.  And, 
moreover,  if  starch  or  flour  be  present,  the  wux  being  treated  by 
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concentrated  sulphuric  acid  will  turn  black,  because  the  acid  will 
then  char  the  starch  or  flour. 

Beeswax  is  sometimes  adulterated  by  resin:  this  fraud  may 
be  detected  because,  in  that  case,  the  fracture  will  be  smooth 
instead  of  granular,  and  if  heat  be  applied  the  odour  of  resin 
becomes  perceptible.  That  odour  is  sometimes  readily  recognised 
in  the  cold.  A cotton  wick,  clipped  into  fused  genuine  beeswax, 
burns  with  a clear  white  flame ; but  if  resin  be  present,  the  flame 
is  fuliginous  and  smoky. 

The  adulteration  of  beeswax  with  tallow  is  more  difficult  of 
detection,  but  the  presence  of  the  latter  substance  may  be  recog- 
nised by  dipping  a cotton  wick  into  the  fused  beeswax  under 
examination,  lighting  it,  and  after  a few  seconds  blowing  it  put, 
when  the  odour  of  tallow  will  become  perceptible.  According  to 
Bottdet  and  Boissenot,  this  fraud  may  also  be  detected  by  sub- 
mitting the  suspected  wax  to  dry  distillation,  for  pure  wax  yields 
no  sebacic  acid,  whilst  if  it  contains  2 per  cent,  of  tallow  sebacic 
acid  is  obtained,  and  may  be  recognised  as  such,  because  the  water 
into  which  the  products  of  the  distillation  have  been  digested, 
and  which  should  be  perfectly  pure,  has  acquired  the  property  of 
being  precipitated  by  a solution  of  neutral  acetate  of  lead,  and 
also  by  the  salts  of  silver  and  of  mercury. 

Bleached  beeswax  which  has  been  adulterated  by  tallow, 
instead  of  being  semi-transparent  and  hard,  is  more  opaque  and 
softer. 

WHITE  ARSENIC.  See  ARSENIC. 

white  copper.  See  German  Silver. 

WHITE  COPPERAS.  See  ZlNC. 

WHITE  LEAD.  See  Lead. 

WHITE  OIIBE  OP  ARSENIC.  See  ARSENIC. 

WHITE  VITRIOL.  See  ZlNC. 

WHITE  ZINC.  See  ZlNC. 

WINES. — Wine  is  a liquid  resulting  from  the  alcoholic  fer- 
mentation of  the  juice  of  the  grape,  but  for  which  gooseberries, 
currants,  and  other  fruits  are  often  substituted.  These  are  generally 
called  ‘ British  wines.’ 

It  sometimes  happens  that  wine  which  has  been  kept  too  long, 
or  in  too  warm  a place,  becomes  acid,  and  instead  of  being  sold  as 
it  should  be  to  the  vinegar-maker,  it  undergoes  in  the  hands  of 
certain  unprincipled  dealers  a doctoring  which,  removing,  neutra- 
lizing, or  masking  this  acidity,  allows  of  its  being  mixed  with 
other  wines,  or  with  alcohol,  after  which  it  is  sold  to  the  inex- 
perienced or  incautious  as  genuine  wine.  Ibe  substances 
employed  to  neutralise  the  sourness  of  wines  are  carbonate  of 
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sodium,  of  potassium,  or  of  calcium ; but  as  these  substances  give  a 
dark,  or  even  a black  colour  to  the  wine,  and  hasten  the  putrefac- 
tive fermentation,  litharge , carbonate  of  lead,  or  metallic  lead , is 
sometimes  employed,  the  result  being  the  formation  of  acetate  of 
lead  (sugar  of  lead),  which  is  a salt  of  a sweet  taste,  which  does 
not  alter  the  colour  of  the  wine,  and  which,  moreover,  has  the 
property  of  checking  fermentation.  This  most  dangerous  practice, 
however,  is  much  less  frequent  than  formerly,  when  the  poisonous 
properties  of  acetate  of  lead  were  not  so  well  known  as  now. 

The  above  substances  may  be  detected  in  wine  in  the  following- 
manner  : — 

When  wine  has  been  sophisticated  with  carbonate  of  calcium , 
the  addition  of  oxalate  of  ammonium  invariably  produces  a pre- 
cipitate of  oxalate  of  calcium.  Yet,  though  oxalate  of  ammonium 
may  produce  such  a precipitate,  the  operator  should  not  hastily 
conclude  that  the  wine  has  been  saturated  -with  carbonate  of  cal- 
cium, because  genuine  wine  contains  tartrate  of  calcium,  and  will 
therefore  produce  a precipitate  of  oxalate  of  calcium  when  tested 
by  oxalate  of  ammonium ; but  in  the  latter  case,  that  is,  if  the 
wine  be  genuine,  the  precipitate  produced  is  trifling,  whilst  in  the 
contrary  case  it  is  abundant.  The  fact  may,  however,  be  placed 
beyond  doubt  by  evaporating  a portion  of  the  wine  to  about  one- 
eighth  of  its  bulk,  and  diluting  it  then  with  its  own  b'ulk  of 
alcohol,  which  will  separate  the  tartrate  and  sulphate  of  calcium 
which  may  exist  naturally  in  the  wine,  whilst  the  acetate  of  that 
base  remains  in  solution.  The  wine  should  then  be  filtered,  and 
the  filtrate  evaporated  to  dryness.  The  dry  residuum  is  next  re- 
dissolved in  water  and  filtered.  If  now  the  filtrate,  being  tested 
with  oxalate  of  ammonium,  produces  an  abundant  precipitate  of 
oxalate  of  calcium,  the  presence  of  acetate  of  lime  is  rendered  con- 
clusive. 

If  carbonate  of  potassium  has  been  employed  to  saturate  the 
excess  of  acetic  acid,  the  presence  of  acetate  of  potassium  may  be 
rendered  manifest  as  follows : — A portion  of  the  wine  is  evaporated 
to  syrupy  consistence  and  stirred  with  a small  quantity  of  alcohol, 
which  dissolves  all  the  acetate  of  potassium  with  the  help  of  a 
gentle  heat,  and  the  liquor  is  filtered.  The  alcoholic  filtrate, 
which  has  a yellowish-red  colour,  should  be  divided  into  two  por- 
tions ; one  of  these  portions  is  tested  with  solution  of  chloride  of 
platinum.  If  this  produces  a granular  precipitate  of  a lemon- 
yellow  colour,  it  is  a proof  of  the  presence  of  potassium.  The 
second  portion  should  be  evaporated  to  dryness,  and  the  dry  resi- 
duum, treated  by  concentrated  sulphuric  acid,  will  then  disengage 
vapours  of  acetic  acid,  recognizable  by  their  odour.  It  is  true  that 
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genuine  wine,  containing  always  some  acetate  of  potassium, 
behaves  in  the  same  manner  when  so  treated ; but  the  quantity  of 
acetate  of  potassium  existing  naturally  in  the  wine  is  so  small,  that 
chloride  of  platinum  creates  only  a turbidness  or  a very  slight  pre- 
cipitate, and  the  vapours  of  acetic  acid  evolved  by  treatment  with 
concentrated  sulphuric  acid  are  very  trifling. 

If  the  wine  has  been  saturated  with  carbonate  of  sodium,  the 
residuum  left  after  evaporation  should  be  treated  by  weak  alcohol, 
in  order  to  dissolve  the  acetate  of  sodium ; and,  on  evaporating, 
acetate  of  sodium  will  be  obtained  in  crystals,  which,  heated  before 
the  blow-pipe,  will  impart  a deep  yellow  tinge  to  the  flame,  and 
which,  when  treated  by  concentrated  sulphuric  acid,  will  evolve 
pungent  vapours  of  acetic  acid. 

If  lead  or  its  carbonate,  or  litharge,  has  been  employed  to  saturate 
the  acid  of  the  wine,  the  detection  is  very  easy  and  conclusive.  A 
portion  of  the  wine  is  evaporated  to  dryness,  the  organic  residuum 
is  charred,  triturated  with  twice  its  weight  of  nitre,  and  decom- 
posed by  projecting  it  by  small  portions  at  a time  in  a red-hot 
capsule  or  crucible.  If  the  ignited  mass  should  still  have  a brown 
colour,  it  should  be  triturated  with  a fresh  portion  of  nitre  and 
ignited  again.  After  fusion,  the  residuum  is  treated  by  very  dilute 
nitric  acid  in  order  to  dissolve  it,  and  if  a portion  of  the  solution, 
which  is  almost  colourless,  being  treated  by  sulphuretted  hydro- 
gen, produces  a black  or  dark  brown  precipitate ; and  if  another 
portion  of  the  solution,  being  tested  with  a solution  of  chromate  of 
potassium,  produces  a yellow  precipitate,  and  a white  one  when 
tested  by  solution  of  carbonate,  or  of  sulphate  of  potassium,  of 
sodium,  or  by  ammonium,  the  presence  of  lead  is  certain.  The 
presence  of  lead  in  wine  may  also  be  detected  by  testing  with 
solution  of  oxalic  acid ; the  precipitate  produced  is  collected  on  a 
filter,  or  separated  by  decantation ; it  is  then  heated  upon  charcoal 
before  the  blow-pipe  ; the  first  impression  of  the  heat  causes  the 
mass  to  emit  fumes  ; it  becomes  white,  and  finally  a bead  of  metal- 
lic lead  remains,  which  may  be  seen  either  with  the  naked  eye  or 
with  the  help  of  a magnifier.  Generally,  however,  the  quantity  of 
lead  is  too  small  to  be  detected  in  this  manner. 

The  practice  of  rinsing  wine-bottles  with  lead-shot  is  some- 
times attended  with  serious  consequences,  on  account  of  some  of 
the  shots  being  carelessly  left  in  the  bottles,  or  jammed  by  the 
shaking  in  the  fold  or  circular  depression  at  the  bottom  of  the 
bottle,  where  they  may  be  left  unperceived.  There  are  several 
cases  on  record  of  persons  having  been  seized  with  violent  cholic, 
with  all  the  symptoms  of  poisoning,  from  having  drunk  wine 
which  had  thus  become  deleterious,  the  few  shots  thus  acciden- 
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tally  left  having  gradually  become  converted  into  acetate  and  car- 
bonate of  lead. 

As  to  alum,  which  is  sometimes  added  to  wine  for  the  purpose 
of  brightening  its  colour,  or  of  clarifying  newly-made  wine,  its 
presence  may  be  detected  by  first  decolorizing  the  wine  (if  red 
wine)  by  means  of  animal  charcoal^  previously  washed  with  hj'dro- 
chloric  acid,  filtering,  and  evaporating  the  lead  to  about  one-third  of 
its  volume,  in  a porcelain  or  platinum  capsule,  and  again  filtering 
it.  If  a precipitate  has  been  produced  whilst  concentrating  it,  if 
solution  of  potash,  or  of  ammonia,  or  of  sal-ammoniac  produce, 
when  poured  into  the  filtrate,  a white  precipitate  soluble,  with  the 
help  of  heat,  in  an  excess  of  solution  of  caustic  potash ; if  car- 
bonate of  potassium  or  of  sodium  produce  a white  precipitate  ; 
if  solution  of  nitrate  of  .barium,  or  of  chloride  of  barium,  produce 
also  a white  precipitate,  insoluble  in  water  and  in  acids,  then  the 
wine  contained  alum. 

Or  a given  portion  of  the  wine  may  be  evaporated  to  dryness 
and  ignited;  the  ignited  residuum  is  then  treated  by  a small 
quantity  of  hydrochloric  acid,  evaporated  to  dryness,  again  treated 
by  dilute  hydrochloric  acid.  If  the  addition  of  solution  of  caustic 
potash  to  the  acid  solution  produces  a white  bulky  precipitate 
soluble  in  an  excess  of  caustic  potash,  but  which  is  reprecipitated 
by  a solution  of  sal  ammoniac,  then  alum  is  present. 

A small  quantity  of  sulphuric  acid  is  sometimes  added  to 
wines ; its  presence  in  the  free  state  may  be  detected  by  pouring 
a drop  or  two  of  the  suspected  wine  upon  a piece  of  paper,  and 
drying  it  at  a gentle  heat.  The  wine,  if  pure,  leaves  the  paper 
unaltered,  but  if  it  contain  sulphuric  acid,  the  paper  will  be  cor- 
roded and  crumble  into  fragments,  on  rubbing  between  the  fingers 
the  part  which  has  thus  been  moistened. 

M.  Lassaigne  says  also,  that  pure  wine  leaves  by  spontaneous 
evaporation  a violet  or  purple  stain  on  the  paper,  whilst  that  to 
which  sulphuric  acid  has  been  added  (from  2 to  3oooths)  leaves  a 
pink  stain  in  drying. 

The  paper  best  suited  for  such  experiments  is  common  glazed 
paper  containing  starch  ; or  it  may  be  prepared  by  painting  it,  as 
it  were,  with  thin  paste. 

But  the  most  frequent  adulteration  consists  in  an  addition  of 
water  and  of  alcohol.  There  is  no  satisfactory  method  of  detecting 
this  fraud  when  the  wine,  after  having  been  sophisticated  in  this 
matter,  has  been  allowed  to  remain  undisturbed  for  some  con- 
siderable time,  and  when  perfectly  pure  sugar-spirit  has  been 
employed  for  the  purpose.  The  best  test  in  such  cases  is  a good 
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palate.  But  when  the  spirit  employed  is  ordinary  spirit,  which  is 
generall}'  the  case,  the  adulteration  may  be  detected  by  distilling 
a portion  of  the  wine,  and  rubbing  between  the  hand  a small 
quantity  of  the  spirit  which  distils  over.  If  the  wine  was  pure, 
no  other  odour  is  discernible  but  that  of  pure  spirit ; in  the  con- 
trary case,  a peculiar  odour  (that  of  oil  of  grain,  or  fused  oil) 
becomes  apparent. 

The  quantity  of  alcohol  contained  in  wine  may  be  determined 
also  by  distillation,  and  taking  the  specific  gravity  of  the  distillate. 
To  effect  this,  four  or  five  ounces  by  measure  of  the  wine  in  ques- 
tion are  put  into  a small  still  or  retort,  and  a sufficient  quantity  of 
caustic  soda  added  to  entirely  change  the  colour  of  the  wine. 
The  retort  is  adapted  to  a Liebig’s  condenser,  connected  with  a 
glass  balloon.  About  two-thirds  of  the  wine  are  distilled  over,  and 
when  the  distillate  has  completely  cooled,  its  specific  gravity  is 
then  taken  at  6o°  Fakr.,  by  means  of  a 1000  grains  specific-gravity 
bottle  or  otherwise.  Let  us  suppose  that  on  weighing  the  contents 
of  the  specific  gravity  bottle,  it  is  found  to  be  960  grains  ; reference 
to  the  Tables  given  in  the  article  on  Acoliol  will  show  that  spirits 
of  specific  gravity  0.960  contain  40.1  per  cent,  of  spirit  under  proof, 
or  29  per  cent,  of  absolute  alcohol  of  specific  gravity  07960,  and 
hence  the  quantity  of  alcohol  contained  in  the  wine  operated  upon 
is  easily  calculated. 

Hitherto  we  have  spoken  only  of  the  adulterations  to  which 
genuine  wine  is  subjected.  We  have  now  briefly  to  consider  the 
simulations  of  wine,  that  is  to  say,  the  sophistications  in  which 
wine,  instead  of  being  the  principal  constituent,  is,  as  it  were,  the 
adventitious  substance. 

Among  other  receipts  for  the  manufacture  of  port  wine,  the 
following  have  been  given  : — 

‘ To  manufacture  port  wine,  put  into  a cask,  previously  sul- 
phurized— 

12  gallons  of  strong  port. 

6 ,,  rectified  spirit. 

3 „ Cognac  brandy. 

42  „ fine  rough  cyder. 

63  gallons. 

And  again  another  directs  : — 

45  gallons  of  cyder. 

6 „ brandy. 

8 „ port  wine. 

2 J „ Sloes,  stewed  into  two  gallons  of  water, 

2 { and  the  liquour  pressed  off. 

63  gallons. 
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‘ If  tlie  colour  is  not  good,  tincture  of  red  sanders-wood  or  cud- 
bear should  be  added.’  Oak  bark,  elder,  brazil-wood,  privet,  beet, 
litmus,  are  all  used  to  make  these  spurious  wines,  some  of  which 
do  not  even  contain  the  smallest  particle  of  wine. 

These  adulterations,  and  the  colouring  matter  employed  in 
making  them,  may  be  detected  in  various  ways : — First  of  all, 
when  spirit  has  been  employed  in  the  manufacture  of  wine,  it  may 
generally  be  detected  by  the  odour  of  the  liquid,  and  also  by  that 
of  the  distillate,  as  before  observed.  If  the  proportion  is  at  all 
considerable,  as  in  the  above  receipts,  its  presence  may  be  readily 
detected  by  throwing  a portion  of  the  suspected  wine  upon 
brightly  ignited  charcoal,  when  a species  of  deflagration  will  take 
place.  If  the  wine  is  falsified  with  cyder  or  with  perry,  evaporate 
the  wine  at  a steam  heat  to  a syrupy  consistence,  and  allow  the 
whole  to  cool  without  stirring ; at  the  end  of  24  hours  the  clear 
liquor  should  be  decanted  from  any  crystals  of  cream  of  tartar 
which  may  have  formed ; the  decanted  liquid  is  diluted  with  pure 
distilled  water  and  evaporated  as  before.  The  crystals,  if  any  have 
formed,  are  again  separated  by  decantation,  and  the  operation  is 
repeated  until  no  more  crystals  are  formed.  The  syrup  which  is 
left  at  the  end  of  the  experiments  has  the  characteristic  taste  of 
the  apple  or  of  the  pear. 

It  should  be  remarked  also  that  cream  of  tartar  being  one  of 
the  constant  constituents  of  genuine  wine,  any  wine  in  which  this 
substance  would  be  found  wanting  might  at  once  be  pronounced 
spurious  ipso  facto  ; or  if  the  quantity  of  tartar  were  found  very 
much  below  the  usual  quantity,  or  above  it,  the  wine  might  be 
safely  considered  as  having  been  either  diluted  with  a mixture  of 
alcohol  and  water,  or  adulterated  with  cream  of  tartar,  probably 
to  simulate  that  which  should  have  been  naturally  present.  In 
order  to  detect  the  tartar  and  determine  its  proportion,  proceed  as 
follows  : — Take  a given  quantity  of  the  wine  under  examination — a 
pint,  for  example — evaporate  to  dryness,  and  ignite  the  residuum ; 
the  tartar  (bitartate  of  potassium)  is  thereby  converted  into  car- 
bonate of  potassium,  which  being  examined  by  test  sulphuric  acid 
(see  Alkalimetry ),  will  indicate  the  proportion  of  bitartrate  of 
potassium  to  which  the  carbonate  corresponds.  1,000  grain-mea- 
sures of  the  test  sulphuric  acid  employed — containing,  for  example 
40  grains— or  one  equivalent  of  sulphuric  acid,  will  therefore  indi- 
cate, if  saturated,  1 80  of  cream  of  tartar. 

According  to  Chevallier,  the  colouring  matter  employed  for 
adulterating  wine  may  be  detected  by  solution  of  caustic  potash  as 
follows  : — A solution  of  caustic  potash  is  to  be  added  to  the  sus- 
pected wine  in  sufficient  quantity  to  saturate  the  acid  of  the  wine. 
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If  the  colour  of  the  wine  is  genuine  no  precipitate  will  he  formed, 
but  the  colour  will  change,  first  from  red  to  bottle-green,  and  after 
some  time  to  brownish-green  or  brown.  This  colour  differs  from 
that  produced  when  an  artificial  colouring  matter  has  been  em- 
ployed ; for  example  : — 


Wine  coloured  by  the  following 
substances 

Elder-berries 

Logwood  ..... 
Led  mulberries.  .... 

Brazil-wood 

Beet-root  juice 

Litmus 

American  grape  ( Phitolaca  decan dra ) 


Colour  produced  by 
Potash. 

. Purple. 

. Reddish -purple. 
. Purplish. 

. Red. 

. Red. 

. Light  violet. 

. Yellow. 


But  none  of  these  substances  will  yield  the  greenish  or  dark  green 
colour  which  genuine  wine  assumes  under  this  treatment. 

When  wine  has  been  coloured  with  a decoction  of  the  petals 
of  the  red  poppy,  by  logwood,  or  by  Brazil-wood,  the  fraud,  ac- 
cording to  the  experiments  of  M.  Jacob,  may  be  recognised  by 
means  of  a solution  of  sulphate  of  aluminum  (io  parts  of  sulphate 
in  ioo  parts  of  water)  mixed  in  equal  proportions  with  the  wine  to 
be  tested  (that  is  to  say,  one  fluid  drachm  of  each),  and  a few 
drops  of  solution  of  carbonate  of  ammonium  are  then  poured  into 
the  mixture.  (The  solution  of  carbonate  of  ammonium  is  made 
by  dissolving  eight  parts  in  weight  of  carbonate  of  ammonium 
in  ioo  parts  of  water).  The  addition  of  the  carbonate  of 
ammonium  determines  a precipitate,  or  imparts  a tinge  variously 
coloured  to  the  wine,  if  it  have  been  adulterated ; whilst,  if 
genuine,  only  a greyish-white  precipitate  is  produced,  as  may  be 
seen  hereunder : — 


Pure  wine 

Pure  wine  mixed  with 
wood 

Pure  wine  mixed  with  logwood. 
Pure  wine,  and  petals  of  red 
poppies 


f Slightly  coloured. 

1 Greyish-white. 

il-  Carmine,  red,  or  pink  precipi- 
tate, more  or  less  intense, 
according  to  the  extent  of 
the  adulteration. 

Fine  dark  purple  precipitate. 
Slate-coloured  precipitate, 
more  or  less  intense. 


Two  drops  of  an  infusion  made  with  eight  parts  of  one  of  these 
substances  in  250  parts  of  water,  are  sufficient  to  produce  a very 
clear  reaction  when  mixed  with  one  fluid  drachm  of  wine. 
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Vogel  proposed  the  solution  of  basic  acetate  of  lead  to  detect 
■when  colouring  matter  has  been  added  to  wine. 


Pure  wine 

Pure  wine  mixed  with  Brazil- 
wood or  elder-berries. 

Pure  wine  mixed  with  beet-root 
juice  or  sandal-wood. 

Pure  Madeira  wine 

Pure  port  wine 

With  logwood,  concentrated  . . 

„ . „ diluted  . . . 

With  beet-root  juice — concen- 
trated. 

„ ,,  diluted. 


Greyish  green. 

Indigo  blue. 

Red  precipitate. 

Light  yellow,  or  cream-coloured 
precipitate. 

Greyish,  with  a slight  tinge  of 
green. 

Crimson  red. 

Leaden,  or  bluish  colour. 

Pure  colour. 

Flesh  colour. 


Berzelius,  however,  asserts  that  the  colour  of  the  precipitate 
varies  with  the  age  of  the  wine  tested. 

According  to  M.  Nees  van  Esenbeck,  the  best  method  of 
detecting  the  colouring  matter  of  spurious  wines  consists  in  making 
two  solutions  ; the  first  with  one  part  of  alum  and  eleven  parts  of 
distilled  water ; the  second  with  one  part  of  carbonate  of  potassium 
and  eight  parts  of  water. 

A determined  volume  of  the  wine  to  be  tested  is  mixed  with 
its  own  bulk  of  the  alum-solution,  and  carbonate  of  potassium  is 
gradually  poured  into  it,  taking  care,  however,  not  to  decompose 
the  whole  of  the  alum.  The  alumina  is  thereby  precipitated,  but 
as  it  unites  with  the  colouring  matter  of  the  wine,  the  precipitate 
is  variously  coloured,  according  to  the  species  of  colouring  matter 
with  which  it  is  combined. 

With  pure  wine 

Wine  coloured  with  the  petals  of 
the  red  poppy. 

Wine  coloured  by  privet-berries. 

„ ,,  myrtle-berries. 

„ „ elder- berries. 

„ „ Brazil-wood. 

„ „ logwood. 


Dingy-grey  precipitate,  partly 
soluble  in  an  excess  of  the 
reagent,  in  new  wines. 

Greyish-brown  precipitate,  be- 
coming black  by  excess  of 
alkali. 

Purplish-brown  precipitate. 

Greyish-blue  precipitate. 

Purple  precipitate. 

Violet-grey. 

Pink. 
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From  the  above  Table  we  may  conclude  that  all  those  wines 
which,  being  treated  by  solution  of  alum  and  of  carbonate  of 
potassium,  yield  precipitates  of  a blue,  violet,  or  pink  colour,  may 
be  suspected  of  having  been  artificially  coloured. 

Adulteration  of  Sherry. — The  following  particulars  in  reference 
to  the  plastering  and  fumigation  of  wine,  as  well  as  the  manufacture 
of  sherry  generally,  are  taken  from  a letter  by  Dr.  Thtjdichtjii, 
which  appeared  a short  time  since  in  the  Times : — 

‘ Each  quantity  of  collected  grapes  sufficient  to  yield  a butt  of 
must,  previous  to  being  trodden  and  pressed,  is  invariably  dusted 
over  with  from  30  to  40  lbs.  of  burnt  plaster  of  Paris  (sulphate  of 
calcium).  The  effect  of  this  practice  is  to  precipitate  all  the 
tartaric  and  nitric  acids  of  the  must,  and  to  substitute  in  their  place 
sulphuric  acid.  The  must,  therefore,  as  it  runs  from  the  press, 
contains  no  bitartrate  of  potassium,  or  so  called  tartar,  but  sulphate 
of  potassium  instead.  In  consequence  nearly  all  sherries  contain 
nearly  the  whole  of  the  potash  of  the  must  as  sulphate,  amounting 
to  from  kilogramme  (about  3 lb.)  to  7 kilogrammes  (about  14 
lb.)  per  butt  of  484  litres,  or  108  gallons  (equal  to  from  36' 1 to 
i69'2  grains  per  bottle  of  one-sixth  to  a gallon). 

‘ The  common  varieties  of  must  are  not  only  plastered,  but 
also  impregnated,  with  the  fumes  by  combustion  of  about  five 
ounces  of  sulphur  per  butt,  which  adds  about  a pound  of  sulphuric 
acid  to  that  brought  in  by  the  plaster.  Quantitative  determi- 
nations, made  upon  many  and  different  specimens  of  must  at 
Xerez  show  that  its  specific  gravity  varies  between  90  and  140 
of  Beaume’s  areometer,  indicating  from  14-6  to  24  per  cent,  of 
sugar,  and  that  therefore  it  can  by  fermentation  only  form  from 
14  to  25  per  cent,  of  proof  spirit. 

‘The  must  ferments  in  the  sheds  called  bodegas,  there  being 
no  cellars  properly  so  called  at  Jerez.  In  a fortnight  the  sugar 
has  all  fermented  away,  and  the  must  is  transformed  into  wine. 
This  is  allowed  to  deposit  its  lees  during  some  months,  and  is 
racked  in  the  following  February  or  March.  On  this  occasion 
some  brandy  is  added  to  the  wine,  by  which  its  alcoholity  rises  to 
about  29  per  cent  of  proof  spirit.  In  spring  and  early  summer  the 
wine  (still  termed  ( mostoj  and  so  to  the  time  of  the  next  harvest) 
undergoes  what  is  termed  its  first  “ evolution,”  and  after  that  is 
.ready  for  further  preparation. 

‘This  consists  in  the  addition  of  various  ingredients,  which 
impart  colour,  sweetness,  spirit,  and  flavour.  Colour  is  imparted 
by  the  addition  of  caramel  produced  by  the  boiling  down  in 
coppers  of  previously  plastered  grape-juice;  the  brown  syrup  is 
dissolved  in  wine  and  spirit,  so  as  to  form  a deep  brown  liquid 
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containing  from  35  to  40  per  cent,  of  proof  spirit  termed  “color.’’ 
or  “ vino  de  color.”  Frequently  caramel  made  from  cane-sugar  s 
used  instead  of  that  made  from  grapes.  Sweetness  is  imparted  by 
the  addition  of  “ dulce  ” — that  is  most  frequently  made  from  grapes 
dried  for  some  days  in  the  sun,  to  which  one-sixth  of  its  volume 
of  spirit,  of  the  strength  of  40°,  by  Cartier’s  alcoholometer, 
has  been  added  (a  process  by  which  all  fermentation  becomes 
impossible).  Every  100  litres  of  dulce  contain,  therefore,  19  litres 
of  absolute  alcohol,  equal  to  3378  percent,  of  proof  spirit.  Flavour 
is  imparted  by  the  addition  of  some  old  selected  wine,  which  is 
kept  on  so-called  “ Soleras.”  Ultimately  brandy  is  added  to  the 
mixture  to  the  extent  of  fortifying  it  up  to  35  as  the  minimum, 
most  frequently  up  to  40  or  42,  and  sometimes  up  to  10  per  cent, 
of  proof  spirits. 

‘ In  a butt  of  ordinary  sherry  (40  jars)  there  is  mostly  one- 
fifth  of  its  volume  of  dulce  (eight  jars),  consequently  about  one- 
sixth  of  unfermented  grape-juice,  and  which  remains  unfermented. 
The  better  sherries  are  made  less  sweet,  and  only  the  few  finest 
varieties  are  left  unsweetened.  The  dulce  is  never  plastered,  and 
therefore  its  addition  depresses  a little  the  large  quantity  of 
sulphate  of  potassium  introduced  by  the  “ color.” 

‘ Sherries  contain  from  i|  to  8 grammes  of  sulphuric  acid  or 
potash  salt  per  litre  (equal  to  from  17 ’5  to  937  grains  per  bottle 
of  | gallon).’ 

In  an  elaborate  article  on  ‘ Sherry  and  its  Adulterations  ’ in 
the  journal  entitled  Food,  Water,  and  Air,  in  7-elation  to  Public 
Health,  March,  1874,  the  editor,  Dr.  Arthur  Hill  Hassall, 
gives  the  results  of  exhaustive  analyses  of  nineteen  different 
wines,  mostly  sherries,  from  which  he  deduces  the  following 
conclusions : — 

‘1.  That  the  whole  of  the  wines  examined  are,  without 
exception,  fortified  with  extraneous  spirit  to  a large  extent,  while 
the  average  amount  of  proof  spirit  furnished  by  the  must  from 
which  sherries  are  made  at  Xeres,  according  to  the  best  autho- 
rities, is  about  19  per  cent;  the  lowest  quantity  found  was  about 
29723,  and  the  highest  41^294,  the  mean  of  all  the  analyses  being 
35-477.  In  fact  the  quantity  of  spirit  added  falls  not  very  far 
short  of  that  actually  furnished  by  the  fermentation  of  the  grape- 
j uice  itself. 

1 2.  That  seventeen  of  the  nineteen  samples  of  the  wine  were 
decidedly  •plastered.  The  quantity  ofsulphate  of  potassium  found  in 
the  wines  after  deducting  three  grains  per  bottle,  being  the  utmost 
amount  ever  met  with  in  natural  sherry,  ranged  from  15  grains 
per  bottle  to  5 r6  grains.  These  quantities  give  90  grains  as  the 
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lowest,  and  309'6  grains  as  the  highest,  amount  per  gallon.  It 
will  he  seen,  therefore,  that  these  analyses  bear  out  the  statement 
of  Dr.  Thttdichttm  that  all  the  sherries  imported  into  this  country 
are  plastered,  that  is  to  say,  the  must  is  dusted  over  with  plaster  of 
Paris  (sulphate  of  calcium),  in  addition  to  which  it  is  also  impreg- 
nated with  the  fumes  of  burning  sulphur,  whereby  a still  further 
quantity  of  sulphuric  acid  is  introduced  into  the  wine.  Dr. 
Hassael  found  as  much  as  54-6  grains  of  sulphate  of  potassium 
per  bottle  of  sherry,  from  which  number  18  grains  being  deducted 
as  the  full  normal  amount  of  that  salt  ever  present,  there  remain 
369'6  grains  per  gallon,  or  about  f ths  of  an  ounce.  The  quantity  of 
sulphate  of  potassium,  therefore,  met  with  in  his  analyses  is  much 
below  the  larger  amount  given  by  Dr.  Thudichtjm,  namely,  rather 
over  2}  ounces. 

4: 

‘ 3.  That  in  addition  to  the  fortifying  and  plastering,  five  of  the 
wines  analyzed  contained  considerable  amounts  of  cane-sugar,  the 
presence  of  which  affords  of  course  clear  evidence  of  adulteration. 

‘4.  That  two  of  the  sherries — those  denominated  Hambro’ 
sherries — contained  very  little  wine  at  all,  but  consisted  chiefly  of 
spirit,  sugar,  and  water,  flavoured — in  fact,  those  mixtures  could 
hardly  he  said  to  have  any  claims  to  be  regarded  as  wines  at  all.’ 

Determination  of  the  quantity  of  Alcohol  in  Wines. — The  follow- 
ing directions  are  given  by  Mr.  Griffift  (‘  Chemical  Testing  of 
Wines  and  Spirits  ’)*  : 50  septems  of  the  wine  are  introduced  into 
a small  plain  retort  by  means  of  a long  tube  funnel,  and  a sufficient 
quantity  of  caustic  soda  added  to  cause  the  wine  to  change  its 
colour  entirely ; the  object  of  the  addition  of  soda  is  to  neutra- 
lize those  free  acids  in  the  wine  which  are  volatile,  and  which 
would  otherwise  distil  over  with  the  alcohol  and  vitiate  the 
result  of  the  operation.  50  septems  of  distilled  water  are  then 
added,  and  then  one  grain  of  tannic  acid , which  prevents  intu- 
mescence, or  the  production  of  glutinous  hubbies.  The  retort  is 
connected  with  a Liebig  or  other  form  of  condenser,  and  the  dis- 
tillation conducted  at  a moderate  heat,  the  liquid  not  being  allowed 
to  boil  strongly.  The  distillate  is  collected  in  a small  bottle  which 
contains  100  septems,  or  a centigallon  when  filled  to  the  mark  on 
its  neck,  and  the  distillation  is  stopped  when  the  bottle  appears  to 
be  about  two-thirds  full.  It  is  now  removed  from  the  distillation- 

* Mr.  Griffin  divides  the  centigallon  into  100  parts,  to  each  of  which 
he  gives  the  name  of  septem,  because  its  capacity  is  equal  to  that  of  seven 
grains  of  water. 

Hence,  100  septems  make  a centigallon, 

1,000  „ „ decigallon, 

10,000  „ „ gallon. 
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tube  and  filled  to  the  mark  with  distilled  water,  the  temperature 
brought  to  6o°.  It  is  then  stoppered  and  weighed. 

Calculations. — The  weight  of  100  septems  of  diluted  alcohol 
prepared  from  the  50  septems  of  wine  having  been  determined, 
the  calculations  which  follow  depend  upon  the  manner  in  which 
the  ascertained  quantity  of  alcohol  is  desired  to  be  stated.  This 
may  be:  1.  The  grains  of  absolute  aleohol  in  100  septems;  2.  The 
weight  in  grains  of  proof  spirit  in  100  septems;  3.  The  percentage 
of  absolute  alcohol  by  volume. in  the  wine. 

Information  respecting  the  first  two  points  is  obtained  by 
referring  to  the  following  Table,  which  Mr.  Griffin  has  kindly 
allowed  to  be  transferred  to  this  work  from  his  valuable  little 
book  on  the  ‘Chemical  Testing  of  Wines  and  Spirits.’  With 
regard  to  the  last  point : the  percentage  of  alcohol  by  weight 
having  been  found,  the  percentage  by  volume  may  be  found 
thus  : ‘Multiply  the  specific  gravity  of  the  mixture  by  the  per- 
centage of  alcohol  by  weight,  and  divide  the  product  by  7638 ; 
the  product  of  the  division  is  the  percentage  by  volume.’ 

Example. — The  per  cent,  by  weight  of  alcohol  in  a given  spirit 

•9716  x 20 

is  20,  and  the  specific  gravity  -9716  : then  ‘7938"  = ?4'48  the 
per  cent,  by  volume. 

If  the  grains  of  absolute  alcohol  in  joo  septems  are  required, 
the  numbers  are  found  in  column  3,  in  which  the  weighings  of 
the  centigallon  specific-gravity  bottle  are  quoted ; and  on  re- 
ferring to  column  4,  the  corresponding  weight  in  grains  of  the 
absolute  alcohol  contained  in  the  same  measure  is  given.  This 
number  must  be  doubled  to  give  the  weight  in  grains  of  the 
absolute  alcohol  contained  in  100  septems  of  thp  wine,  because 
the  quantity  submitted  to  analysis  was  only  5 q septems. 

If  it  be  desired  to  know  the  corresponding  weight  in  grains  of 
proof  spirit  contained  in  iqo  septems  of  the  wine,  it  may  be  found 
in  column  5 of  the  Table,  the  number  having  of  course  bpen 
doubled  to  compensate  for  the  dilution  of  the  spirit  that  was  dis- 
tilled from  the  wine. 

Determination  of  the  Quantity  of  Sugar  in  Wines. — If  the 
sugar  exists  only  in  the  form  of  grape-sugar,  the  amount  is  esti- 
mated with  great  accuracy  in  the  following  manner: — 

Test  Liquors : — Copper -test  A, — 433-125  grains  of  pure  crystal- 
lized sulphate  of  copper  are  dissolyed  in  water,  and  the  solution 
made  up  to  one  imperial  print. 

Coprper-iest  B. — 2,166  grains  qf  tartrate  of  potassium  and 
sodium  (Rochelle  salt),  and  1,010  grains  ofpqre  caustic  soda,  both 
dissolved  in  water  to  form  1 imperial  pint  of  solution. 

E E 
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Table. 

Diluted  Alcohol  containing  from  o to  io  per  cent,  by  Weight  of 

Absolute  Alcohol. 


X 

Absolute  Alco- 
hol per  cent, 
by  weight 

2 

Specific  Gra- 
vity of  the  Di- 
luted Alcohol 
at  6o°  F. 

3 

Weight  in 
Grains  of  100 
Septems  of 
the  Diluted 
Alcohol 

4 

Weight  in 
Grains  of 
the  Absolute 
Alcohol  in 
100  Septems 

5 

Weight  in 
Grains  of 
Proof  Spirit 
at  6o°  F.  in 
100  Septems 

0*00 

I *0000 

700  *00 

*co 

*00 

0-05 

'9999 

699-93 

'35 

71 

0*11 

•9998 

699-86 

77 

1-56 

o'i6 

'9997 

69979 

I *12 

2*2  7 

0*21 

•9996 

699-72 

i '47 

2-98 

0'26 

'9995 

699-65 

1 '82 

3 '69 

o'32 

'9994 

699-58 

2*24 

4'55 

o' 37 

'9993 

699'5i 

2 '59 

5-26 

o’42 

•9992 

699-44 

2 '94 

5 '97 

°' 47 

'9991 

699-37 

3 -29 

6-68 

o' 53 

•9990 

699-30 

3'7i 

7 '53 

0-58 

•9989 

699-23 

4 '06 

8 ’24 

o'  64 

■9988 

699-16 

4 '47 

9-09 

o'6g 

•9987 

699-09 

4-82 

9 '80 

074 

•9986 

699  '02 

5'17 

10-51 

o'8o 

'9985 

698-95 

5 '59 

11 '36 

0-85 

■9984 

698-88 

5 '94 

I2’o6 

0*91 

'9983 

698-81 

676 

12*91 

o'g6 

•9982 

698  74 

6-71 

13-62 

I *02 

•9981 

698-67 

7'*3 

14' '47 

I '07 

•9980 

668 '60 

7-48 

I5'i8 

1*12 

'9979 

69873 

7-82 

i5'89 

1 '18 

•9978 

698-46 

8-24 

1674 

1-23 

'9977 

698-39 

8 '59 

17 ' '45 

1*29 

•9976 

698-32 

9*01 

18-29 

1 '34 

'9975 

698-25 

9 76 

19*00 

1 '40 

'9974 

698-18 

977 

I9'55 

1 '45 

'9973 

698-11 

10*12 

20-56 

i'5* 

•9972 

698-04 

10-54 

21*41 

1 '56 

•9971 

697-97 

10-89 

22*11 

i*6i 

•9970 

697-90 

1 1 -24 

22-82 

1 A7 

•9969 

697-83 

11-65 

23-67 

173 

•9968 

697-76 

12*07 

24'5i 

178 

•9967 

697-69 

12-42 

25-22 

i-83 

•9966 

697-62 

1277 

25 '93 

i'88 

'9965 

697 '55 

i3-i8 

26  78 

1 '94 

•9964 

697-48 

13 '53 

27-48 

1 '99 

'9963 

697-41 

13-88 

28-18 

2-05 

•9962 

697'34 

14 '3° 

29-03 

2*11 

•9961 

697-27 

1471 

29-88 

2*17 

■9960 

697-20 

I5'I3 

30  73 

2*22 

'9959 

697-13 

i5 '48 

3I-43 

2 "28 

'9958 

697-06 

iS'89 

32-28 

2 '34 

'9957 

696-99 

16-34 

33’12 
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Table — ( continued ), 


1 

Absolute  Alco- 
hol per  cent, 
by  weight 

2 

Specific  Gra- 
vity of  the  Di- 
luted Alcohol 
at  6o°  F. 

3 

Weight  in 
Grains  of  100 
Septems  of 
the  Diluted  ■ 
Alcohol 

4 

Weight  in 
Grains  of 
the  Absolute 
Alcohol  in 
100  Septems 

5 

Weight  in 
Grains  of 
Proof  Spirit 
at  6o°  F.  in 
100.  Septems 

2 ’39 

'9956 

696  "92 

16-66 

33'83 

2 '45 

'9955 

696-85 

17-07 

34 '67 

251 

'9954 

696-78 

17 '49 

3572 

2 '57 

'9953 

696-71 

17-91 

3676 

2 '62 

'9952 

696-64 

18-25 

37 '07 

2-68 

'995 1 

696-57 

18-67 

37  '9i 

2 '74 

•9950 

696-50 

19-08 

3876 

2'79 

'9949 

696-43 

19 '43 

39 '46 

2-85- 

■9948 

696-36 

i9'8S 

40  7 1 

2*91 

'9947 

696-29 

20 '26 

4I’I5 

2 '97 

•9946 

696-22 

20  "68 

41-99 

3-02 

'9945 

696-15 

21*02 

42-70 

3-08 

'9944 

696-08 

21-44 

43  74 

3'*4 

'9943 

696-01 

21-85 

4479 

3 '20 

•9942 

695 '94 

22*27 

45 '23 

3-26 

•994i 

695 '87 

22-69 

46-67 

3 '32 

•9940 

695-86 

23-10 

46  -92 

3 '37 

'9939 

695  73 

23  '45 

47-62 

3 '43 

'9938 

695-66 

23-86 

48'45 

3 '49 

'9937 

695 '59 

24-28 

4970 

3 '55 

'9936 

695 '52 

24-69 

5o'i4 

3-61 

'9935 

695 '45 

25-11 

50-99 

3'67 

'9934 

69S'38 

2572 

5i '83 

373 

'9933 

695 '31 

25 '94 

52-67 

378 

•9932 

695-24 

26-28 

53  77 

3 '84 

'993 1 

695 'i7 

26-69 

54*2'i 

3'9° 

•9930 

695-10 

27-11 

55 '06 

3 '96 

•9929 

695 '03 

27-52 

55 '90 

4 '02 

•9928 

694-96 

27 '94 

56  74 

4'o8 

•9927 

694-89 

2875 

57  78 

4-14 

•9926 

694-82 

28-77 

58-42 

4 '20 

'9925 

69475 

29-18 

59-26 

427 

•9924 

694-68 

29-66 

60 '24 

4 '33 

'9923 

694-61 

30-08 

61  08 

4 '39 

•9922 

694‘54 

30 '49 

61  -92 

4 45 

■9921 

694-47 

30-90 

62-76 

4'S1 

*9920 

694-46 

31'32 

63-60 

4 '57 

•9919 

69473 

3i'73 

64-44 

4-64 

•9918 

694-26 

32-21 

65-42 

470 

'99 1 7 

694^9 

32 '63 

66 '26 

476 

•99i6 

694-12 

33 '04 

67-10 

4-82 

'9915 

694-05 

33 '45 

67 '94 

4 '88 

’99 1 4 

693-98 

33'87 

6878 

4 '94 

’99 1 3 

693-91 

34-28 

69-62 

5'01 

•9912 

693-84 

34  76 

70’ 60 

5 '07 

•9911 

693  77 

35'i7 

7 r '43 

5'J3 

■99io 

69370 

36-09 

72-25 
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1 

Absolute  Alco- 
hol per  cent, 
by  weight. 

2 

Specific  Gra- 
vity of  the  Di- 
luted Alcohol 
at  6p°  F. 

3 

Weight  in 
Grains  of  100 
Septems  of 
the  Diluted 
Alcohol 

<k 

Weight  in 
Grains  of 
the  Absolute 
Alcohol  in 
100  Septems 

5 

Weight  in 
Grains  of 
Proof  Spirit 
at  6o°  F. in 
100  Septems 

S'2° 

•9909 

693-63 

36-48 

73 '25 

5-26 

•9908 

693  r56 

36'43 

74-09 

5'32 

•9907 

693 '49 

36-89 

74 '93 

5 '39 

•9906 

693-42 

37 '38 

75 '90 

5 ’45 

'99°S 

693 '35 

37  79 

7674 

5'S1 

•9904 

693-28 

38-20 

77 '5s 

5-58 

'9903 

693-21 

38-08 

78-56 

5'64 

•9902 

693-14 

39 '09 

70'39 

57° 

•9901 

693-07 

39-50 

80-23 

577 

•9900 

693-00 

39 ’99 

8i"2i 

5-83 

•9899 

$92 '93 

4O-4O 

82-04 

5'89 

•9898 

692-86 

40"8i 

82-88 

6 ‘96 

•9897 

692-79 

41-29 

82-86 

6 '02 

•9896 

692-72 

4170 

84-69 

6 '09 

■ '9895 

692-65 

42-18 

85'67 

6-15 

•9894 

692-58 

42-59 

86-50 

6*22 

'9893 

692-51 

43 '07 

87-48 

6 ’29 

•9892 

692-44 

43"55 

88-45 

675 

•9891 

69?'37 

43 '97 

89-29 

6 '42 

•9890 

692-30 

44 '45 

90-27 

6-49 

•9889 

692-23 

44’93 

91-24 

6'55 

•9888 

692-16 

45 '34 

92-07 

6-62 

•9887 

692-09 

45 '8.2 

93 '°5 

6 '69 

■9886 

692-92 

46.30 

94-02 

675 

'9885 

69 1 '95 

467? 

94-86 

6-82 

•9884 

691-88 

47 'T9 

95 '83 

6-89 

•9883 

691-81 

47-67 

96-80 

6 '95 

•9882 

69174 

48-08 

97-64 

7*02 

•9881 

691  '67 

48-56 

98-61 

7'°9 

•9880 

691-60 

49 '03 

99'58 

7-i6 

•9879 

691 '53 

49 '5 1 

100-56 

7'2  3 

■9878 

691-46 

49 '99 

ioi-53 

7' 3° 

•9877 

691-39 

5o'47 

102-50 

7 '37 

■9876 

691-32 

So '95 

103-47 

7 '43 

•9875 

691-25 

5i'36 

104-31 

7 '5° 

•9874 

691-18 

Si '84 

105-28 

7 '57 

'9873 

691-11 

52'32 

106-25 

7-64 

■9872 

691  -04 

52-80 

107-22 

771 

■9871 

690-97 

53'27 

108-19 

778 

•9870 

690-96 

5375 

109:16 

7'85 

•9869 

690-83 

54' 23 

110-14 

7’92 

■9868 

690-76 

54'7i 

in'll 

7 '99 

•9867 

690-69 

S5'i9 

1 12  08 

8'o6 

•9866 

690-62 

55 '66 

113-05 

8-13 

•9865 

699'55 

56-04 

114-02 

8 '20 

•9864 

690-48 

56-62 

114-99 

8 '27 

•9863 

690/41 

57rio 

115-96 
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Table — ( con  tinned) . 


1 

Absolute  Alco- 
hol per  cent, 
by  weight 

2 

Specific  Gra- 
vity of  the  Di- 
luted Alcohol 
at  6o°  F. 

3 

Weight  in 
Grains  of  100 
Septems  of 
the  Diluted 
Alcohol 

4 

Weight  in 
, Grains  of 
the  Absolute 
Alcohol  in 
100  Septems 

5 

Weight  in 
Grains  of 
Proof  Spirit 
at  6o°  F.  in 
100  Septems 

8’34 

•9862 

690-34 

57 ‘57 

116-93 

8-41 

•9861 

690-27 

58-05 

II7*90 

8-48 

•9860 

690-20 

58-53 

118-87 

8-55 

•9859 

690-13 

59"01 

119-84 

8-62 

•9858 

690-06 

59'48 

I20'8o 

8 "70 

■9857 

689-99 

60-03 

121-91 

877 

•9856 

689-92 

60-51 

122-88 

8 ’84* 

•9855 

689-85 

60-98 

123-85 

8 ’91 

•9854 

689-78 

6i-45 

124-82 

8-98 

■9853 

689-71 

61-94 

125-79 

9 "°5 

•9852 

689-64 

62-41 

126-75 

9*12 

•9851 

689-57 

62-89 

127*72 

9*20 

•9850 

689-50 

63 ‘43 

128-83 

9-27 

■9849 

689-43 

63'9i 

129-79 

9 '34 

•9848 

689-36 

64-39 

13076 

9‘4I 

•9847 

689-29 

64-86 

13173 

9 ’49 

•9846 

689-22 

65-41 

132-84 

9’56 

■984S 

689-15 

65-88 

i33‘8o 

9 '63 

■9844 

689-08 

66-36 

I34-77 

970 

■9843 

689-01 

66-83 

13573 

978 

•9842 

988-94 

67-58 

136-84 

9 '85 

•9841 

988-87 

67-85 

137-80 

9-92 

•9840 

988-80 

68-33 

138  77 

9 '99 

■9839 

98873 

68 -8o 

139  73 

io‘07 

■9838 

988-66 

69'35 

140-84 

These  two  liquors  should  he  contained  in  closely-stoppered 
glass  bottles  in  a cool  dark  place,  and  they  keep  longest  in  good 
condition  when  preserved  in  small  bottles  quite  full. 

The  wine  to  be  tested  for  sugar  should  be  so  much  diluted 
with  distilled  water  that  about  50  septems  of  it  will  contain  half 
a grain  of  sugar,  as  the  copper-test  does  not  give  accurate  results 
when  used  with  strong  solutions  of  sugar. 

For  wines  rich  in  surgar — Tokay,  Champagne , and  the  Greek 
wines  in  general  (a) — Mr.  Griffin  recommends  5 septems,  diluted 
with  water  to  500 ; for  wines  of  strong  colour,  port,  sherry, 
Madeira,  &c.  ( b ),  10  septems,  diluted  to  200  septems  ; and  for 
light  wines  containing  very  little  sugar,  both  red  and  white  (c), 
50  septems,  diluted  to  100  septems. 

Preparation  of  the  Wine  for  the  reception  of  the  Copper-test. — 
A sufficient  quantity  of  milk  of  lime  to  render  the  mixture  dis- 
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tinctly  alkaline  is  added  to  an  accurately-measured  quantity  of 
the  diluted  wine,  then  a few  drops  of  strong  solution  of  subace- 
tate of  lead ; the  flask  is  then  well  shaken,  and  afterwards  a small 
quantity  of  solution  of  alum  added ; the  flask  is  then  filled  with 
water — for  (a),  to  500  septems ; for  ( b ),  to  200  septems ; and  for  (c), 
to  100  septems.  After  being  well  shaken  the  flask  is  set  aside,  in 
order  that  the  precipitate  may  settle  down.  After  some  time  the 
upper  part  of  each  liquor  will  be  observed  to  he  tolerably  clear, 
and  a portion  can  he  filtered  off  through  a dry  paper  filter  without 
disturbing  the  precipitate.  It  is  sufficient  to  filter  merely  enough 
of  the  liquor  to  fill  the  burette. 

Many  light-coloured  wines  require  no  precipitation  with  lead , 
lime,  or  alum  to  prepare  them  for  action  with  the  copper-test. 
It  is  only  necessary  to  mix  them  with  as  much  solution  of  car- 
bonate of  sodium  as  renders  them  alkaline  to  test-paper.  In  all 
cases  liquors  that  are  to  be  tested  for  sugar  with  the  copper-test 
must  be  alkaline,  because  free  acid  destroys  the  copper-test. 

In  some  cases,  especially  in  red  wines,  the  colouring  matter 
and  the  tannin  are  so  difficult  of  displacement,  that  all  these 
additions  are  required  to  clear  them  sufficiently  for  use  with  the 
copper-test.  But  that  is  not  always  the  case.  Some  wines  can  be 
cleared  with  the  lead  liquor  without  the  use  of  slaked  lime; 
others  with  lime  without  the  lead  solution.  The  clearing  is  often 
made  easily  and  completely;  at  other  times,  a wine  that  is 
rendered  quite  colourless  and  transparent  is  still  found  to  retain 
some  ingredient,  most  probably  tannin,  which  must  interfere  with 
the  proper  action  of  the  coppeivtest.  Yet  with  all  its  difficulties 
the  copper-test  is  the  best  of  all  known  tests  for  estimating  sugar 
in  wines. 

Process  with  the  Copper-test. — Introduce  into  a porcelain  eva- 
porating basin  standing  over  a lamp  10  septems  of  the  copper-test  A 
and  10  septems  of  the  copper-test  B,  and  add  30  septems  of  dis- 
tilled water ; boil  for  a few  minutes.  If  the  blue  colour  of  the 
liquor  is  retained,  the  test  is  in  good  order.  Next  lower  the  heat 
till  the  blue  liquor  just  simmers  ; then,  having  charged  the  burette 
with  the  diluted  wine,  allow  it  to  drop  into  the  basin  little  by  little, 
stirring  continually  with  a glass  rod.  The  first  action  of  the  test 
is  to  render  the  mixture  turbid,  with  a greenish  or  reddish-brown 
precipitate,  which  does  not  settle  readily ; as  the  action  proceeds, 
the  precipitate  becomes  of  a more  decided  red  colour,  and  towards 
the  end  of  the  operation  it  settles  down  more  readily,  and  the 
liquor  finally  becomes  colourless.  The  oxide  of  copper  in  the 
basin  is  now  of'  the  form  o,f  a brilliant  red  powder.  The  pre- 
cipitate should  from  time  to  time  during  the  process  be  allowed 
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to  settle,  and  the  basin  turned  a little  on  one  side,  so  that  the  blue 
tint  of  the  liquor  may  be  seen  against  its  sides.  As  soon  as  the 
last  trace  of  blue  is  gone  (the  wine  towards  the  last  having  been 
cautiously  added  drop  by  drop),  and  the  bright  red  precipitate 
has  settled  down  in  a thin  clear  liquor,  the  operation  is  ended. 
With  a solution  of  grape-sugar  alone  in  water,  these  changes  of 
colour  are  very  clearly  seen ; but  in  some  wines  which,  notwith- 
standing the  addition  of  the  clarifying  reagents  above  mentioned, 
still  retain  organic  matter,  the  action  is  disturbed,  and  it  requires 
practice  to  arrive  at  uniform  and  correct  results. 

Calculation  of  Results : — The  ioseptems  of  copper-test  included 
in  the  two  solutions  A and  B contain  a quantity  of  copper,  the 
reduction  of  which  to  the  state  of  red  oxide  requires  exactly  half 
a grain  of  grape-sugar.  Consequently  the  number  of  septems  of 
diluted  wine  that  were  used  show  Imv  many  septems  of  the  diluted 
wine  contains  half  a grain  of  sugar.  The  next  point  to  take  into 
consideration  is  the  state  of  dilution  of  the  wine  that  was  sub- 
mitted to  trial.  According  to  the  above  directions,  thp  dilutions 
are — , * 

For  wines  under  class  (a)  1 measure  to  100  measures. 

» » (P)  1 „ 20  „ 

» » (p)  1 it  2 )) 

Example  1. — A wine  in  class  ( a ) reduced  the  copper  with  29^4 
septems  of  the  diluted  wine.  Doubling  that  number,  we  have 
58-8  septems  as  the  equivalent  of  1 grain  of  sugar.  But  as  this 
wine  was  dilated  from  1 to  100,  the  true  equivalent  is  obtained 
by  removing  the  decimal  points  of  the  number  two  places  to  the 
left : this  gives  us  -588  septems  as  the  quantity  of  undiluted  wine 
that  contains  1 grain  of  sugar.  Then  to  find  the  quantity  of  sugar 
in  a centigallon,  we  take  the  proportion — 

•588  : 1 = ioo'ooo  : x 

x = 170-0  grains. 

Example  2. — A wine  in  class  ( b ) reduced  the  copper  with  37 
septems  of  the  diluted  wine.  This  is  equal  to  74  septems  for 
1 grain  of  sugar ; and  as  this  wine  was  diluted  from  1 to  20,  we 
have  744-20  = 37  as  the  quantity  of  undiluted  wine  that  was 
equal  to  1 grain  of  sugar,  and  then  to  find  the  quantity  of  sugar  in 
a centigallon  we  take  the  proportion — 

37  : 1 = 1 oo'o  ix 
x = 27-07, 

Example  3.-A  wine  in  class  (c)  reduced  the  copper  with 
85  septems  of  the  diluted  wine.  This  is  equal  to  170  septems  for 
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i grain  of  sugar;  and  as  the  wine  was  diluted  from  i to  2 only, 
the  quantity  of  undiluted  wine  equal  to  1 grain  of  sugar  is  pre- 
cisely the  same  as  the  number  shown  on  the  scale  of  the  burette, 
namely,  85  septems  ; so  that  for  wine  of  this  degree  of  dilution  the 
calculation  is  very  simple.  To  find  the  quantity  of  sugar  con- 
tained in  a centigallon  of  such  wine,  we  use  this  proportion — 

85  : I = 100  : x 

x = 1 ■ 1 8 grains. 

Estimation  of  the  Free  Acid  in  Wine. — 25  grains  of  crystal- 
lized tartaric  acid  are  put  into  a 500-septem  flask,  which  is  then 
filled  half  full  of  distilled  water  and  warmed  to  dissolve  the  acid. 
The  flask  is  then  filled  nearly  to  the  mark  with  distilled  water 
and  well  Shaken;  the  final  adjustment  is  made  at  the  tempera- 
ture of  62°  Fahr. 

This  is  the  Standard  Acid,  every  septem  of  which  is  equal  to 
•05  grains  of  crystallized  tartaric  acid. 

The  test-liquor  to  be  used  in  examining  the  acidity  of  wines  is 
a solution  of  caustic  ammonia,  of  such  strength  that  1 septem  of  it 
will  exactly  neutralize  1 septem  of  the  standard  acid,  and  will 
therefore  indicate  o-5  grains  of  acid. 

It  is  prepared  as  follows  : — 50  septems  of  the  standard  acid  are 
put  into  a Jar  which  is  graduated  in  o 250,  500,  and  1,000  sep- 
tems, and  into  a similar  second  jar  another  measure  of  50  septems; 
the  acid  in  both  jars  is  then  diluted  to  250  septems  and  a few 
drops  of  an  aqueous  solution  of  logwood  added,  by  which  the  liquor 
acquires  a bright  lemon-yellow  colour. 

Next,  strong  liquid  ammonia  is  diluted  with  30  or  40  times  its 
hulk  of  distilled  water,  and  the  burette  filled  with  the  well-mixed 
liquid.  One  of  the  prepared  jars  of  standard  acid  is  now  adjusted 
under  the  burette  on  a piece  of  white  paper,  and  the  diluted 
ammonia  is  allowed  to  drop  slowly  into  it : the  lemon  colour  of 
the  liquid  is  observed  to  change  colour,  becoming  first  brown,  then 
pink,  and  finally  crimson. 

The  brown  colour  indicates  the  point  of  neutrality.  The  reaction 
is  extremely  delicate,  and  the  change  of  colour  very  beautiful. 
After  each  addition  of  ammonia  the  mixture  should  be  stirred ; 
when  the  brown  colour  appears,  all  the  acid  is  neutralized,  and  the 
burette  may  be  read  off ; one  drop  more  of  ammonia  will  render 
the  mixture  pink. 

The  second  jar  is  now  submitted  to  the  same  trial;  and  if  the 
same  quantity  of  ammonia  is  not  required,  a second  or  further 
experiments  must  be  made  until  perfectly  coincident  results  are 
obtained. 
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Suppose  that  the  experiments  agree  in  showing  that  35  septems 
of  the  ammonia  solution  are  required,  then  in  order  to  obtain  a 
solution  of  which  50  septems  shall  exactly  neutralize  50  septems 
of  the  standard  acid,  15  burette  divisions  of  distilled  water  must 
be  added  to  the  ammonia  solution,  itnd  the  experiments  again 
made  with  the  greatest  care.  In  this  way  a solution  of  ammonia 
may  be  obtained,  10  septems  of  which  exactly  neutralize  10  sep- 
tems of  the  standard  acid. 

Standard  nitric  acid  (which  is  not  liable  to  change)  may  be 
prepared  by  a perfectly  similar  operation,  and  it  can  be  used  to  test 
from  time  to  time  the  standard  ammonia. 

In  the  application  of  this  process  to  the  determination  of  free 
acid  in  wine  the  testing  does  not  go  on  so  smoothly  and  readily  as 
testing  of  solutions  of  pure  acid,  because  of  the  colouring  matter 
and  tannin  which  are  present  in  all  wines,  and  which  in  some 
cases  deaden  and  confuse  the  action  of  the  colour-test. 

Mr.  GrarpiN  gives  the  following  practical  directions  for  over- 
coming these  obstacles : — • 

‘ Put  into  each  of  two  mixing  jars  10  septems  of  the  wine.  If 
it  is  white  wine  (hock,  sheny,  &c.),  fill  up  to  250  septems  with 
distilled  water.  If  it  is  red  wine  (port,  claret,  &c.),  add  water  till 
the  measure  is  500  septems.  Next  add  to  each  jar  a sufficient, 
quantity  of  the  logwood  infusion  to  give  to  the  mixture  a colour 
closely  resembling  that  which  is  produced  by  painting  paper  with 
a colouring  material  called  raw  sienna.  It  is  useful  to  have  at 
• hand  a piece  of  paper  painted  with  that  colour  to  serve  as  a 
standard  of  comparison.  Place  one  jar  under  the  burette  contain- 
ing the  test  ammonia,  and  the  other  on  a piece  of  white  paper 
near  it.  Let  the  ammonia  drop  slowly  in,  shaking  the  jar  from 
time  to  time.  Gradually  the  colour  of  the  mixture  in  the  jar 
deepens,  becoming  browner,  more  of  a reddish-brown;  but  the 
change  takes  place  so  gradually  that  if  the  second  jar  were  away, 
the  change  of  colour  might  scarcely  be  perceived.  Suddenly, 
however,  the  mixture  assumes  a peculiar  reddish-brown  colour, 
entirely  different  from  the  raiv  sienna  colour  of  the  second  jar,  but 
which  can  be  accurately  imitated  by  painting  a piece  of  paper 
with  the  colour  which  bears  the  name  of  bilrnt  sienna.  By  draw- 
ing upon  white  paper  two  figures  of  the  size  of  the  jars,  and 
painting  one  up  to  the  mark  500  with  raw  sienna  and  the  other 
with  burnt  sienna,  a gauge  may  be  provided  by  which  it  can  im- 
mediately be  told  when  the  acid  in  the  diluted  wine  is  neutralized. 
The  operation  as  just  described  is  next  performed  on  the  mixture 
in  the  second  jar,  and  a note  taken  of  the  quantity  of  test  am- 
monia required ; it  should  be  the  same  as  in  the  first  experiment.’ 
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Calculation. — Suppose  that  io  septems  of  wine,  whether  diluted 
to  250  or  to  500  septems,  have  required  9'i  septems  of  test  ammonia 
to  neutralize  the  acid,  then  100  septems  of  the  wine  would  require 
91  septems  of  test  ammonia;  and  as  every  septem  of  the  test 
ammonia  indicates  0^05  grains  of  tartaric  acid,  we  have  only  this 
calculation  to  make  : — 

■91  or  9-1 

•05  — =4-55 

2 

4'55 

namely,  the  wine  contains  4^5  5 grains  of  acid  in  100  septems,  or 
455-o  grains  in  the  gallon. 

In  cases  where  the  colouring  matter  and  the  tannin  are  not 
overpowering,  larger  quantities  of  wine  may  be  tested,  and  thus 
the  error  due  to  mismeasurement  will  he  lessened. 

woo:l.  See  Cotton. 

zaffee. — Zaffre  is,  essentially,  a combination  of  silica  and 
of  oxide  of  cobalt ; that  of  commerce  consists  of  roasted  cobalt  ore 
and  quartz  in  fine  powder,  and  consequently  contains  all  the 
metallic  oxides  which  may  happen  to  exist  in  the  ore.  A fine 
sample,  analysed  by  Normandy,  contained — 


Oxide  of  cobalt 

• I3'5 

Peroxide  of  iron 

• 357 

Alumina  . 

• 3'3 

Silica 

. 437 

Arsenic  . 

, o-8 

Water  and  loss  i 

• 3'4 

1 00-0 

But  other  samples  contain  only  from  1 to  3 per  cent,  of  cobalt, 
and  from  2 to  6 per  cent,  of  nickel,  also  copper,  and  sometimes 
silver. 

The  analysis  of  zaffre  is  performed  like  that  of  the  ores  of 
cobalt  and  of  nickel ; the  ore  or  the  zaffre,  previously  reduced  into 
fine  powder,  is  treated  by  hydrochloric  acid  or  by  aqua  regia,  and 
the  solution  so  obtained  is  filtered  in  order  to  separate  the  silica, 
which  is  generally  a ferruginous  sand ; or  else  the  pulverized 
mineral  may  be  fused  with  about  four  times  its  weight  of  car- 
bonate of  potassium  ; the  crucible  containing  the  fused  mass  is 
placed  into  a large  capsule,  and  dilute  hydrochloric  acid  is  poured 
upon  it  in  small  quantities  at  a time  and  gradually,  as  the  effer- 
vescence subsides  ; the  large  capsule  is  for  the  purpose  of  collecting 
the  small  portions  which  may  be  projected  by  the  effervescence. 
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The  whole  is  then  evaporated  to  dryness,  the  dry  mass  is  drenched 
with  hydrochloric  acid,  diluted  with  water,  and  filtered  in  order 
to  separate  the  silica.  Whichever  way  the  solution  is  effected,  a 
stream  of  sulphuretted  hydrogen  is  passed  through  the  acid  solu- 
tion, and  the  whole  is  left  to  digest  fdr  several  hours  in  a warm 
place.  This  will  precipitate  the  copper,  silver,  and  arsenic  which 
may  be  present  in  the  liquor;  or,  if  iron  he  present,  which  is 
almost  sure  to  he  the  case,  there  will  be  also  a precipitate  of 
sulphur  from  the  decomposition  of  the  sulphuretted  hydrogen 
employed,  especially  if  aqua  regia  has  been  used.  These  sub- 
stances are  separated  by  filtering,  and  whether  the  solution  of  the 
mineral  has  been  effected  by  hydrochloric  acid  or  by  aqua  regia, 
some  nitric  acid  must  now  be  added  to  the  filtrate,  previously 
boiling  it  until  all  odour  of  sulphuretted  hydrogen  has  disappeared, 
in  order  to  peroxidize  the  iron  which  is  contained  in  the  filtrate 
with  the  oxides  of  cobalt  and  of  nickel.  The  liquor  is  then 
neutralized  by  ammonia  until  a few  flakes  of  peroxide  of  iron 
begin  to  appear,  and  the  precipitation  is  completed  by  a solution 
of  neutral  succinate  of  ammonium.  The  persuccinate  of  iron  thus 
precipitated  is  collected  on  a filter,  carefully  washed,  ignited,  and 
weighed  as  peroxide  of  iron. 

To  the  liquor  filtered  from  the  persuccinate  of  iron  a large 
quantity  of  solution  of  sal  ammoniac  ip  added,  and  it  is  largely 
diluted  with  well  boiled  water,  so  that  it  may  be  free  from  atmos- 
pheric air ; and  whilst  still  hot,  the  solution  is  put  into  a flask 
capable  of  being  well  corked,  and  a solution  of  potash  being 
added,  the  flask  is  corked  up  and  left  at  rest  until  the  liquor  has 
come  of  a tine  clear  red  colour.  More  potash  should  be  added  if 
necessary,  until  this  point  is  attained.  The  precipitate  consists  of 
oxide  of  nickel,  which  may  be  collected  on  a filter,  dried,  ignited, 
and  weighed. 

The  liquor  filtered  from  the  oxide  of  nickel  is  now  treated  by 
bydrosulphuret  of  arqmonia,  which  precipitates  the  cobalt  in  the 
state  of  black  sulphide,  which  is  collected  on  a filter,  and  washed 
with  water  containing  a little  hydro-^ulphuret  of  ammonia.  The 
precipitated  sulphide  on  the  filter  is  then  scraped  from  it  as  com- 
pletely as  possible,  and  put  it  into  a glass  beaker;  the  filter  is  then 
burnt  on  the  cover  of  a platinum  crucible,  the  ashes  are  added  to 
the  mass  in  the  glass  beaker,  and  the  whole  is  boiled  with  nitric 
acid  until  the  sulphur  has  separated  in  lumps  of  a pure  yellow 
colour.  The  liquor  is  then  diluted  with  water,  filtered,  and  the 
cobalt  is  precipitated  in  the  state  of  hydrate  of  cobalt  by  a solu- 
tion of  potash.  The  precipitate  is  collected  on  a filter,  washed 
with  hot  water,  dried,  ignited,  and  weighed.  The  hydrate  of 


428 


ZINC. 


cobalt  after  ignition  is  in  the  state  of  intermediary  oxide,  con- 
taining three  equivalents  of  cobalt  and  four  equivalents  of  oxygen. 
When  the  exact  quantity  of  cobalt  contained  in  the  hydrate  is 
required,  the  ignited  oxide  should  be  heated  in  a glass  bulb  in  a 
current  of  hydrogen  gas,  by  which  it  is  reduced  in  a state  of  me- 
tallic cobalt,  and  weighed  as  such.  (See  Cobalt.') 

ZINC  (Spelter,  Spelter  or  Zinc  Ores,  Blende,  Cala- 
mine). Zinc,  or  spelter,  is  obtained  chiefly  from  two  minerals, 
namely,  blende  or  black  jack,  which  is  a sulphide  of  zinc,  and  cala- 
mine, which  is  a carbonate  of  zinc.  The  latter  ore  is  the  most 
abundant,  and  consequently  the  chief  source  from  which  the  zinc 
or  spelter  of  commerce  is  obtained. 

In  this  country,  however,  blende  is  the  ore  generally  employed. 

The  zinc  or  spelter  of  commerce,  from  whatever  source  pro- 
duced, is  never  pure ; it  contains  ordinarily  about  one  per  cent,  of 
iron,  of  lead,  and  sometimes  also  some  carbon,  copper,  cadmium , 
and  arsenic. 

The  proportion  of  iron  contained  in  zinc  amounts  sometimes  to 
5 or  6,  or  even  8 or  io  per  cent.  ; the  lowest  of  these  proportions 
renders  it  unfit  for  several  purposes ; in  that  state  it  does  not 
laminate  well,  and  is  almost  unfit  for  zincing,  or,  as  it  is  called, 
galvanizing  iron. 

These  impurities  are  chiefly  derived  from  the  ores  from  which 
the  zinc  is  obtained;  but  the  iron,  at  least  when  in  the  large  pro- 
portions above  alluded  to,  is  derived  from  the  apparatus  employed 
in  smelting  the  ore  by  what  is  called  the  Belgian  process,  in  which 
the  volatilized  zinc  is  condensed  in  nozzles  of  cast  iron,  into  which 
it  remains  in  a molten  state  for  several  hours,  during  which  it 
imbibes  a large  quantity  of  iron,  as  above  said.  This  process  is 
that  followed  with  the  ores  of  La  Vieille  Montagne,  and  the  zinc 
from  that  most  extensive  establishment  is,  therefore,  always  con- 
taminated, sometimes  to  a great  extent,  by  iron.  In  the  process 
called  the  Silesian  process,  followed  at  Stolberg,  near  Aix-la- 
Chapelle,  and  in  Silesia,  the  mufflers  and  condensers,  being  all 
made  of  clay,  the  zinc  gradually  dropping  from  the  clay  condensers 
or  ‘ boots,’  i3  remelted,  at  least  at  Stolberg,  in  clay  pans,  and  the 
zinc  of  that  establishment  is  on  that  account  remarkably  pure. 

In  order  to  determine  the  quantity  of  impurities  contained  in 
the  metal,  proceed  as  follows  : — 

Dissolve  a certain  weight — 25  grains,  for  example — of  the 
metal  in  a slight  excess  of  hydrochloric  acid.  If  a black  in- 
soluble residuum  is  left,  it  consists  of  carbon,  which  may  be  at  once 
separated  by  filtering,  washed,  and  weighed. 

Into  the  acid  filtered  liquor  a current  of  sulphuretted  hydrogen 
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is  passed,  until  it  smells  strongly  of  it,  and  the  whole  is  left  for 
some  time  in  a moderately  warm  place ; lead,  copper,  cadmium, 
and  arsenic,  if  any  he  present,  are  thereby  precipitated  in  the  state 
of  sulphides  of  these  metals,  and  may  be  separated  by  filtering. 
The  filtrate  which  contains  the  zinc  and  iron  is  then  to  be  boiled 
until  all  odour  of  sulphuretted  hydrogen  has  disappeared,  a little 
nitric  acid  is  added  to  peroxidize  the  iron,  and  the  whole  is 
boiled.  When  the  liquor,  which  should  not  contain  too  much 
acid  (in  which  case  it  should  be  evaporated  to  expel  the  excess), 
has  cooled,  carbonate  of  barium  in  powder  is  added  in  excess,  and 
the  whole  is  thoroughly  stirred.  It  is  left  at  rest,  and  in  the 
course  of  an  hour  the  peroxide  of  iron  will  be  entirely  deposited 
in  the  state  of  basic  carbonate  of  peroxide  of  iron,  mixed  with  the 
excess  of  .carbonate  of  barium  employed.  The  precipitate  is  then 
collected  on  a filter,  and  washed. 

To  the  filtrate  dilute  sulphuric  acid  is  added,  in  order  to  precipi- 
tate the  baryta  which  is  held  in  solution,  and  after  separating  the 
sulphate  of  barium  produced  by  filtering,  the  filtrate  which  now 
contains  nothing  else  than  the  oxide  of  zinc,  is  precipitated  in  the 
state  of  carbonate  of  zinc,  by  pouring  into  it  an  excess  of  solution 
of  carbonate  of  sodiutQ ; the  whole  is  boiled,  and  the  carbonate 
of  zinc  produced  is  collected  on  a filter,  and  strongly  ignited,  by 
which  the  carbonic  acid  is  expelled,  and  the  oxide  of  zinc  left 
may  then  be  weighed,  40  grains  of  oxide  of  zinc  contain  32 
grains  of  metal;  or  each  grain  of  oxide  of  zinc  contains  0-80128 
grain  of  zinc.  The  impurities  may  be  determined  by  the  difference 
of  weight. 

Analysis  of  Zinc  Ores. — Many  ores  accidentally  contain  zinc ; 
in  some  ores — for  example,  in  galena  (sulphide  of  lead) — the  pro- 
portion of  zinc  is  sometimes  sufficiently  considerable  to  allow  of 
its  being  separated,  which  in  that  case  is  accomplished  simply  by 
washing.  On  account  of  the  difference  of  the  specific  gravity  of 
the  blende  and  the  galena,  the  two  ores  may  be  thus  most  rapidly 
and  economically  separated.  The  principal  ores  of  zinc  are  blende 
and  calamine,  and  they  are  the  only  ores  which  are  worked. 

Blende  is  a native  sulphide  of  zinc.  It  is  generally  in  amor- 
phous masses,  of  a lamellar  or  fibrous  structure,  brittle,  generally 
of  a black  or  greenish  colour,  to  which  circumstance  it  owes  its 
name  of  black  jack ; frequently,  however,  it  has  a brown  or 
ruddy  tinge,  in  which  case  it  is  known  under  the  name  of  rub)/ 
blende.  Sometimes  also,  but  rarely,  it  is  yellow. 

Blende  is  rarely  met  with  in  a pure  state ; in  general  it  is 
contaminated  by  sulphides  of  iron,  of  cadmium , of  lead,  of  copper,  of 
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arsenic ; it  may  also,  and  does  usually,  contain  alumina,  silica, 
magnesia,  and  floride  of  calcium. 

When  blende  is  obtained  from  galena,  it  is  important  to 
ascertain  whether  it  is  sufficiently  well  prepared  and  duly  sepa- 
rated from  sulphide  of  lead,  for  the  latter  compound  has  a very 
destructive  action  upon  the  muffles  in  which  the  reduction  is 
effected.  In  England,  well  prepared  blende  contains  sometimes  as 
much  as  92  per  cent,  of  sulphide  of  zinc,  6 per  cent,  of  proto- 
sulphide of  iron,  and  2 per  cent  of  earthy  matter ; its  specific 
gravity  is  from  3-6  to  4-0.  The  usual  contents  of  blende  average 
from  50  to  52  per  cent,  of  zinc. 

The  actual  analysis  of  this  ore  is  performed  as  follows  : — 

A weighed  quantity — for  example,  25  grains — of  the  ore  are  re- 
duced into  very  fine  powder  and  dissolved  in  pure  nitric  acid,  or 
aqua  regia,  with  the  help  of  heat.  The  sulphides  are  thereby 
oxidized,  a portion  of  the  sulphur  being  converted  into  sulphuric 
acid,  whilst  another  portion  separates  at  first  in  the  shape  of  flakes 
of  a grey  colour,  but  which  gradually,  under  the  influence  of  the 
boiling  acid,  agglomerate  into  lumps,  which  ultimately  assume  a 
pure  yellow  colour.  The  digestion  in  the  acid  should  be  con- 
tinued until  the  result  is  obtained.  The  whole  is  then  thrown 
upon  a filter,  which  retains  not  only  this  undissolved  sulphur, 
but  likewise  the  silica  which  was  contained  in  the  ore.  These  in- 
soluble portions  are  then  washed  and  dried  at  a gentle  heat,  after 
which  the  lumps  of  sulphur  and  the  silica  may  each  be  weighed 
separately.  The  sulphur,  however,  after  weighing,  should  be 
ignited  in  a small  counterpoised  platinum  crucible ; if  a fixed 
residuum  remains,  it  consists  either  of  the  oxide  of  the  metal  with 
which  the  sulphur  was  combined,  or  of  some  other  insoluble 
matter,  from  the  matrix  or  gangue. 

A current  of  sulphuretted  hydrogen  is  then  passed  through  the 
filtrate ; if  this  produces  a black  precipitate,  lead  or  copper  is 
present;  if  yellow,  it  may  be  arsenic  or  Koxide  of  cadmium)  but 
whatever  the  precipitate,  it  must  be  separated  by  filtering,  washed, - 
and  kept  for  further  examination,  should  the  operator  wish  to 
determine  subsequently  its  nature  and  quantity. 

The  filtrate  is  now  boiled  until  all  smell  of  sulphuretted 
hydrogen  has  disappeared,  and  it  is  then  supersaturated  with 
ammonia.  This  addition  of  ammonia  in  excess  will  at  first  pro- 
duce a precipitate  of  oxide  of  zinc,  and  of  peroxide  of  iron,  but 
the  oxide  of  zinc  is  redissolved  by  the  excess  of  ammonia  em- 
ployed, whilst  the  peroxide  of  iron  is  left  on  the  filter  in  an  in- 
soluble state.  But,  as  it  retains  a certain  quantity  of  oxide  of 
zinc,  it  is  advisable  to  redissolve  at  once  the  precipitated  peroxide 
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of  iron  collected  on  the  filter  in  a little  hydrochloric  acid. 
Ammonia  is  then  added  again  in  sufficient  quantity  exactly  to 
neutralize  the  acid ; and  as  soon  as  a few  reddish-brown  flakes  of 
peroxide  of  iron  begin  to  appear,  which,  are  not  redissolved  by 
heating  the  liquor,  succinate  of  ammonium  is  added,  so  as  to  pre- 
cipitate the  whole  of  the  peroxide  of  iron  in  the  state  of  per- 
succinate  of  iron,  which  is  then  collected  on  a filter,  washed, 
and  the  liquor  filtered  therefrom  is  added  to  that  first  obtained. 

The  whole  mass  of  the  filtrate,  which  is  strongly  ammoniacal, 
colourless,  and  clear,  is  then  treated  by  hydrosulphuret  of  ammonia, 
which  precipitates  the  zinc  in  the  state  of  sulphide  of  zinc.  This 
precipitate,  which  is  bulky  and  white,  must  be  allowed  to  settle 
completely  before  filtering ; the  liquor  is  then  decanted,  and  the 
precipitate. is  thrown  upon  a filter.  It  is  necessary  to  operate  as 
first  described,  for  otherwise  the  sulphide  of  zinc  would  soon 
block  up  the  pores  of  the  filtering-paper,  and  the  filtering  would 
then  be  exceedingly  slow  and  tedious.  By  decanting  or  filtering 
the  clear  supernatant  liquor,  on  the  contrary,  the  filtering  proceeds 
very  rapidly,  and  is  accomplished  in  a very  short  time.  The  pre- 
cipitate should  be  washed  with  water  to  which  a little  hydro- 
sulphuret of  ammonia  has  been  added,  and  then  digested,  whilst 
still  moist,  with  the  filter  in  concentrated  hydrochloric  acid,  by 
which  it  is  dissolved  with  evolution  of  sulphuretted  hydrogen. 
The  whole  is  then  left  to  digest  in  the  acid  until  all  odour  of 
sulphuretted  hydrogen  has  vanished  ; the  liquor  is  filtered,  and  the 
filter  is  washed  with  hot  water.  The  oxide  of  zinc  contained  in 
the  filtrate  is  then  precipitated  by  means  of  carbonate  of  sodium. 
As,  however,  the  filtrate  contains  a large  proportion  of  ammoniacal 
salts,  the  carbonate  of  sodium  must  be  added  in  sufficient  quantity 
to  decompose  them,  and  the  whole  is  evaporated  to  dryness  in  a 
Florence  flask,  inclined  at  an  angle  of  about  45  °,  in  order  to  avoid 
loss  by  spurting.  More  carbonate  of  sodium  is  again  added,  as 
long  as  a strip  of  turmeric  paper  held  in  the  steam  issuing  from 
the  flask  turns  brown  ; or  as  long  as  white  fumes  are  observed, 
when  a glass  rod,  moistened  with  moderately  dilute  hydrochloric 
acid,  is  held  in  the  said  steam  or  vapour. 

The  addition  of  carbonate  of  sodium  to  the  liquor  does  not  at 
first  produce  any  precipitate ; but  by  boiling,  and  as  the  ammonia- 
cal salts  in  the  solution  are  gradually  decomposed,  a white  pre- 
cipitate of  carbonate  of  zinc  makes  its  appearance.  The  dry  mass 
left  after  evaporation  is  then  treated  with  boiling  water,  filtered, 
washed  with  hot  water*  and  the  carbonate  of  zinc  on  the  filter 
is  then  dried,  strongly  ignited  in  a platinum  crucible,  and  the 
oxide  of  zinc  left  is  then  weighed. 
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The  operator  should  not  omit  to  test  the  liquor  filtered  from 
the  carbonate  of  zinc  precipitated  by  carbonate  of  sodium  with 
hydrosulphuret  of  ammonia,  for  if  a bulky  white  precipitate  were 
then  produced,  it  would  be  a proof  that  all  the  salts  of  ammonia 
have  not  been  decomposed,  and  that  consequently  the  liquor 
contains  still  some  zinc.  In  that  case  the  small  precipitate  thus 
produced  should  be  separated  and  treated  as  above  said. 

The  earths  are  contained  in  the  liquor  filtered  from  the  sul- 
phide of  zinc  produced  by  hydrosulphuret  of  ammonia. 

Calamine. — This  ore  is  the  most  abundant  of  the  ores  of 
zinc,  and  it  often  contains  some  silicate  of  zinc,  carbonate  of  iron, 
carbonate  of  copper,  iron-pyrites  and  galena.  We  give  here  the 
composition  of  the  ores  of  calamine. 
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The  analysis  of  these  ores  is  performed  in  the  same  manner 
as  for  blende,  except  that  hydrochloric  acid  must  be  employed 
instead  of  nitric  acid  or  aqua  regia. 

Commercial  Carbonate  of  Zinc. — The  carbonate  of  zinc  of  shops 
often  contains  traces  only  of  that  substance,  sulphate  of  barium 
being  often  largely  added  thereto,  and  sometimes  the  so-called 
carbonate  of  zinc  consists  altogether  of  sulphate  of  barium,  or  of 
carbonate  of  calcium,  or  of  sulphate  of  lead,  no  carbonate  of  zinc 
being  present.  These  frauds  are  detected  by  treating  the  sample 
with  hydrochloric  acid,  which  dissolves  the  carbonate  of  zinc  and 
of  calcium,  but  leaves  the  sulphate  of  barium  or  of  lead.  The 
whole  is  then  thrown  Upon  a filter,  and  to  the  filtrate  an  excess 
of  ammonia  is  first  added,  and  then  some  oxalate  of  ammonium, 
which  precipitates  the  lime  as  oxalate  of  calcium,  whilst  the 
zinc  remains  in  solution.  The  oxalate  of  calcium  is  separated 
by  filtering;  it  is  washed,  dried,  and  gently  ignited,  in  order  to 
convert  it  into  carbonate  of  calcium,  in  which  state  it  is  weighed. 

The  ammoniacal  liquor  filtered  from  the  oxalate  of  calcium 
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is  then  treated  by  carbonate  of  sodium,  in  order  to  precipitate 
the  zinc  as  carbonate  of  zinc,  or  it  may  be  precipitated  in  the 
state  of  sulphide  of  zinc  by  hydrosulphuret  of  ammonia,  the 
process  being,  in  that  case,  the  same  as  ai>ove  described  for  the 
analysis  of  blende. 

The  portion  which  was  insoluble  in  hydrochloric  acid  may 
be  thus  identified  as  sulphate  of  barium,  or  of  lead  ; on  moist- 
ening it  with  hydrosulphuret  of  ammonia  it  will  turn  black  if 
sulphate  of  lead  is  present,  otherwise  it  will  remain  white. 

Commercial  Sulphate  of  Zinc. — It  is  sold  in  colourless,  right 
rhombic  crystals,  unalterable,  or  slightly  efflorescent  in  the  air ; 
inodorous,  with  a styptic,  metallic  taste ; soluble  in  times  its 
weight  of  water  at  6o°,  and  in  its  own  weight  of  boiling  water. 
It  is  insoluble  in  alcohol;  the  specific  gravity  of  the  crystals 
is  1-912. 

The  sulphate  of  zinc  of  commerce,  however,  is  often  found  in 
white,  sometimes  crystalline,  sometimes  amorphous  and  compact 
masses  or  cakes,  from  its  having  been  cast  into  moulds  after 
having  been  melted  in  its  water  of  crystallization.  It  is  generally 
obtained  by  roasting  blende  (sulphide  of  zinc),  and  it  contains 
ordinarily  some  magnesia , and  traces  of  iron  and  of  copper.  Sulphate 
of  zinc  is  also  obtained  from  the  action  of  sulphuric  acid  upon  the 
zinc  of  the  galvanic  batteries  now  extensively  employed  in  electro- 
plating. 

Pure  sulphate  of  zinc  should  be  completely  soluble  in  water; 
ammonia  being  added  to  the  solution,  produces  at  first  a white 
precipitate,  but  which  an  excess  of  ammonia  should  completely 
redissolve. 

The  presence  of  iron  is  detected  by  dissolving  a portion  of  the 
sample,  and  adding  an  excess  of  ammonia,  which  will  produce 
reddish-brown  flakes  of  peroxide  of  iron.  In  order  to  ascertain 
the  quantity  of  the  iron,  a weighed  portion  of  the  salt  should  be 
dissolved  in  water,  and  acidified  with  hydrochloric  acid,  and  an 
excess  of  solution  of  sal-ammoniac  added ; ammonia  should  now 
be  carefully  poured  in  until  a few  flakes  of  peroxide  of  iron  begin 
to  appear,  and  the  precipitation  of  the  iron  is  completed  by  means 
of  a solution  of  neutral  succinate  of  ammonia,  which  produces  a 
bulky  precipitate  of  persuccinate  of  iron,  which  may  then  be 
collected  on  a filter,  dried,  ignited,  and  weighed  as  peroxide  of 
iron. 

The  liquor  filtered  from  the  peroxide  of  iron  may  then  be 
treated  by  hodrosulphuret  of  ammonia,  and  the  analysis  proceeds 
exactly  as  described  in  the  article  on  Zinc  and  Zinc  Ores. 

When  only  a trace  of  iron  exists,  ammonia  may  fail  in  showing 
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it ; but,  in  that  case,  the  precipitate  produced  by  hydrosulphuret 
of  ammonia,  instead  of  being  white,  will  be  gray  or  black.  A 
trace  of  iron  may  also  be  detected  by  dissolving  a portion  of  the 
sample  in  water,  adding  nitric  acid,  and  boiling,  neutralizing  the 
acid,  as  nearly  as  possible,  with  ammonia,  and  then  testing  with 
infusion  of  galls,  which  will  produce  a black  colour  (ink)  if  iron 
be  present. 

If  copper  is  present,  a slight  excess  of  ammonia  being  poured 
in  the  solution  of  the  salt  under  examination  will  produce  a 
beautiful  blue  colour ; and,  moreover,  the  solution  of  the  salt, 
being  first  acidified  with  hydrochloric  acid,  and  then  treated  by  a 
stream  of  sulphuretted  hydrogen,  will  produce  a black  precipitate. 
If  only  a trace  of  copper  is  present,  the  precipitate,  instead  of  being 
black,  is  dark  brown. 

If  magnesia  is  present,  the  liquor  filtered  from  the  sulphide  of 
zinc  precipitated  by  hydrosulphuret  of  ammonia,  being  tested 
with  phosphate  of  sodium,  will  produce  a precipitate,  which  is  a 
double  phosphate  of  magnesium  and  ammonium. 
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WITH  A CONCISE  DESCRIPTION  OF  SOME  IMPORTANT 
CHEMICAL  PROCESSES. 
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Affinity.  Tbe  specific  attraction  between  different  kinds 
of  matter,  which  results  in  the  formation  of  compounds  of  definite 
constitution,  which  cannot  be  destroyed  by  mechanical  agencies, 
and  are  for  the  most  part  dissimilar  in  properties  to  the  elements 
from  which  they  are  produced. 

Aldehyd.  The  term  aldehyd  is  a contraction  of  words  which 
mean  deshy  dr  ogcnated  alcohol  ( alcohol  dekydrogenatus).  The  forma- 
tion of  acetic  aldehyd  by  the  oxidation  of  alcohol  is  expressed  by 
the  following  equation  : — 

2(C2H0O)+O2  = 2(C2H40)+2(H20) 

Alcohol  Aldehyd  Water 

that  is,  two  equivalents  of  alcohol,  by  the  absorption  of  two 
equivalents  qf  oxygen,  lose  lour  equivalents  of  hydrogen,  and  are 
converted  into  two  equivalents  of  aldehyd.  Aldehyd  contains 
therefore  two  equivalents  of  hydrogen  less  than  alcohol.  Aldehyd 
is  a colourless  fluid,  possessing  a suffocating  ethereal  odour. 

Amorphous  (from  a,  1 not,1  poptyr),  ‘ form’).  This  term  is  ap- 
plied to  a substance  which  has  an  irregular  form  : for  example,  a 
lump  of  chalk. 

Aqua  Regia.  A mixture  of  hydrochloric  and  nitric  acids : 

► / 

so  called  from  its  property  of  dissolving  gold,  which  was  named 
by  the  alchemists  the  king  of  the  metals. 

Base.  This  term  is  the  correlative  of  acid.  It  is  generally 
applied  to  alkalies,  earthy,  and  salifiable  metallic  oxides,  which 
are  looked  upon  as  the  bases  of  the  compounds  (salts)  resulting 
from  their  union  with  acids,  &c.  Its  signification  varies,  however, 
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to  a certain  extent,  according  to  tlie  view  taken  of  the  constitution 
of  salts. 

Black  Flux  is  made  by  mixing  thoroughly  two  parts  of 
pulverized  tartar  (bitartrate  of  potassium ),  and  deflagrating  the 
mixture  in  successive  portions  in  an  iron  ladle  or  in  a crucible. 

Blow-pipe.  The  name  of  a useful  little  instrument  for  sub- 
mitting small  substances  to  a high  temperature.  The  most  simple 
form  of  blow-pipe  is  a conical  tube  of  japanned  tin-plate  or  brass, 
about  seven  inches  long,  bent  nearly  at  a right  angle  about  two 
inches  from  the  narrow  end;  but,  as  during  the  operation  of 
blowing  from  the  mouth  aqueous  vapour  condenses,  and  is  driven 
through  the  jet  with  the  stream  of  air,  various  contrivances  have 


been  devised  for  condensing  the  water.  Dr.  Black’s  blow-pipe, 
the  tube  of  which  is  conical,  is  shown  in  tig.  27,  and  Platt- 
ner’s  in  fig.  28.  The  principal  point  to  be  attended  to  in  the 
construction  of  the  blow-pipe  is  the  jet,  of  which  there  should  be 
two,  the  calibre  of  the  one  being  rather  larger  than  that  of  the 
other.  The  aperture  should  be  perfectly  round  and  smooth,  and 
the  channel  leading  to  it  conical ; qnd  it  should  be  made  of  pla- 
tinum, as  being  easier  kept  clean.  In  using  the  blow-pipe,  the 
air  is  supplied  from  the  mouth,  and  not  from  the  lungs ; and  during 
the  blast  the  communication  between  these  organs  is  closed, 


Fig.  28. 


GLOSSARY. 


437 


respiration  being  carried  on  through  the  nostrils.  The  descrip- 
tion of  the  method  of  blowing  through  the  pipe  is  far  more  diffi- 
cult than  its  acquisition.  It  is  necessary,  in#the  first  place,  to 
acquire  the  habit  of  keeping  the  cheeks  distended  with  air  whilst 
respiration  goes  on  in  an  unimpeded  manner  through  the  npse, 
and  to  open  and  close  the  communication  between  the  mouth  and 
the  lungs,  and  between  the  lungs  and  the  air,  at  pleasure.  When 
this  habit  is  gained,  no  difficulty  is  experienced  in  keeping  up  a 
long  and  continuous  stream  of  air  without  fatigue. 

The  fuel  for  supplying  the  flame  for  the  blow-pipe  may  be 
either  that  of  a candle  with  a thick  wick,  or  olive  or  refined  rape-oil. 

Fig.  29. 


Berzelius’s  lamp  is  shown  in  fig.  29.  The  vessel  containing 
the  oil,  a,  is  adapted  to  a vertical  support,  e d ; the  oil-vessel  is 
furnished  with  two  apertures,  c and  b,  each  of  which  may  be 
closed  by  a cap ; the  fuel  is  supplied  through  c,  and  the  wick  is 
introduced  through  the  aperture  b.  If  a candle  be  employed  it 
should  be  snuffed,  rather  short,  and  the  wick  turned  on  one  side 
towards  the  object,  so  that  part  of  it  may  lie  horizontally.  The 
stream  of  air  from  the  blow-pipe  must  be  blown  along  the  hori- 
zontal part,  as  near  as  possible  without  striking  the  wick. 

To  understand  the  method  of  managing  the  blow-pipe  requires 
a knowledge  of  the  properties  of  the  different  parts  of  a flame, 
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which  may  best  he  studied  on  that  of  a steady-burning  candle. 
Fig.  30  represents  such  a flame,  which  will  be  found,  on  examina- 
tion, to  consist  of  four  distinct  parts.  The  base,  d d , is  bright 
blue ; it  is  here  that  oxygen  enters  the  flame ; the  blue  colour, 
which  is  produced  by  the  thorough  combustion  of  the  carbon  of 
the  fuel,  disappears  as  the  flame  elongates,  giving  place  to  a 
thin,  scarcely  visible  coating,  b V.  Chemical  action  is  here  most 
intense,  and  this  exterior  mantle  is  the  hottest  part  of  the  flame. 
In  the  very  centre  of  the  flame,  surrounding  the  wick,  is  a dark 
conical  spot,  a ; this  is  the  magazine,  as  it  were,  of  the  inflammable 
gases  derived  from  the  decomposition  of  the  tallow ; it  is  shut 
out  from  all  communication  with  oxygen,  and  the  combustible 
gases  consequently  remain  unburned.  Surrounding  this  dark  por- 
tion is  an  intensely  luminous  envelope,  cc'.  It  is  here  that  the 
inflammable  compounds  of  carbon  and  hydrogen  are  decomposed  ; 
the  hydrogen  burns  into  water ; hut  the  carbon,  not  meeting 
with  a sufficient  supply  of  oxygen  to  effect  its  oxidation,  separates 
in  a state  of  intense  ignition.  A few  simple  experiments  will 
serve  to  elucidate  the  above  description. 

The  hollow  structure  of  the  flame  is  proved  by  bringing  down 
upon  it  a piece  of  thin  glass  or  wire  gauze,  and  viewing  the  sec- 
tion of  the  flame  from  above.  That  this  hollow  is  filled  with 
inflammable  gases  is  demonstrated  by  carefully  introducing  into 
its  centre  a piece  of  thin  glass  tube  one-eighth  of  an  inch  in 
diameter  and  six  or  eight  inches  long:  the  gases  will  escape 
through  this  tube,  and  may  be  inflamed  at  its  exterior  aperture. 
That  the  luminous  part  of  the  flame  consists  of  intensely  ignited 
charcoal  is  shown  by  introducing  into  it  a cold  body,  such  as  a 
plate,  which  will  become  blackened  from  the  deposition  of  car- 
bonaceous matter.  That  the  blue  colour  at  the  base  of  the  flame 
is  occasioned  by  the  combustion  of  some  form  of  carbon,  is 
proved  by  holding  close  to  it  a glass  rod,  from  the  end  of  which 
a drop  of  lime-water  is  suspended  — the  clear  liquid  speedily 
becomes  milky,  owing  to  the  formation  of  carbonate  of  calcium  ; 
and,  lastly,  that  the  hydrogen  of  the  fuel  is  being  converted  into 
water  at  the  exterior  envelope  is  rendered  evident  by  holding  near 
it  a large  bright  metallic  surface,  such  as  a polished  snuffer,  which 
speedily  becomes  bedewed  with  moisture.  Of  these  four  parts  of 
the  flame  two  are  principally  concerned  in  blow-pipe  operations— 
the  blue  part  and  the  luminous  part ; and  these  two  have  totally 
different,  and  indeed  opposite  functions.  From  the  first  is  pro- 
duced the  oxidizing  flame,  and  from  the  second  the  reducing  flame. 
The  oxidizing  Jlctme  may  be  considered  as  the  blue  oval  base 
converted  into  a cone.  To  produce  it,  the  nozzle  of  the  blow-pipe 
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is  introduced  about  one-tenth  of  an  inch  within  the  flame,  im- 
mediately above  the  wick,  and  a gentle  and  uniform  current  of 
air  kept  up  from  the  mouth.  The  heat  is  greatest  at  the  extremity 
of  this  flame ; but  to  obtain  the  greatest  oxidizing  power,  the 
subject  of  experiment  should  be  kept  as  far  from  the  apex  of  the 
flame  as  is  consistent  with  a sufliciently  elevated  temperature.  A 
too  powerful  blast  must  be  avoided,  as  tending  to  cool  the  flame 
and  to  injure  the  process  of  oxidation  : the  aperture  in  the  nozzle 
of  the  blow-pipe  must  not  be  too  small. 

Fig.  31  shows  the  form  which  the  flame  should  assume  when 
oxidizing  effects  are  desired ; the  blue  dart,  a,  b,  is  the  lower  blue 

Fig.  31. 


a 


exterior  part  of  the  flame  in  its  natural  state,  now  concentrated 
in  the  interior.  The  reducing  fame  is  more  difficult  to  obtain  5 the 
jet  of  the  blow-pipe  must  not  be  introduced  into  the  flame,  but 
kept  just  on  its  edge  ; and  the  stream  of  air,  thrown  higher  over 
the  wick  than  in  the  oxidizing  flame,  the  whole  of  the  luminous 


Fig.  32. 


portion  thus  becomes  deflected,  and  appears  as  a long  narrow 
cylinder  surrounded  by  a feeble  luminous  mantle.  It  is  in  the 
luminous  portion,  consisting  of  partially  consumed  combustible 
matter,  strongly  disposed  to  combine  with  oxygen,  that  reduc- 
tions are  effected,  and  the  assay  must  be  entirely  surrounded  with 
it.  Fig-  32  may  serve  to  convey  some  idea  of  the  general  ap- 
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pearance  of  the  reducing  flame.  If  a lamp  or  candle  he  used 
as  fuel,  attention  must  be  paid  to  the  condition  of  the  wick,  which 
must  be  of  moderate  length,  and  very  evenly  and  smoothly  cut. 
The  orifice  of  the  jet  of  the  blow-pipe  should  be  smaller  than  when 
oxidation  is  the  object,  and  the  blast  must  be  moderately  strong 
and  uninterrupted.  When  the  subject  of  the  experiment  has  to 
be  reduced,  charcoal  is  employed  as  the  support ; but  when  the 
object  is  to  ascertain  what  coloured  bead  it  produces  when  fused 
with  borax  or  microcosmic  salt,  a platinum  wire,  curved  at  one 
end,  may  be  advantageously  employed.  It  should  be  about  two 
inches  long,  and  attached  to  a small  glass  tube  as  a handle.  In 
using  these  wires  the  hook  is  moistened  in  the  mouth  and  then 
dipped  into  the  pounded  fused  borax  which  is  melted  in  the  flame 
into  a clear  bead;  when  cool  it  is  again  moistened,  a minute 
quantity  of  the  substance  to  be  examined  caused  to  adhere  to  it, 
and  both  fused  together. 

It  is  frequently  required  to  heat  the  substance  with  nitrate  or 
bisulphate  of  potassium  ; this  is  done  in  the  small  platinum  spoon 
(tig.  33),  of  which  it  is  convenient  to  have  two  sizes — one  about 
nine-sixteenths  of  an  inch  in  diameter,  for  melting  substances  with 

Fig.  33. 

bisulphate  of  potassium  ; and  the  other  about  three-eighths  of  an 
inch  in  diameter,  for  fusing  substances  with  nitre.  Stains  on  these 
spoons  are  best  removed  by  rubbing  them  with  charcoal  powder.  In 
order  to  try  the  fusibility  of  a specimen,  it  is  held  in  the  flame  by 
means  of  the  platinum  forceps  (fig.  34).  The  following  simple 


Fig.  34. 


method  of  preparing  small  thin,  clay  basins,  for  roasting  ores  and 
for  the  reduction  of  lead  and  tin  oxides  contained  in  calcined  and 
uncalcined  minerals,  &c.,  is  given  by  Flattner.  A fine  proof-clay 
is  kneaded  into  a stiff  paste  with  water;  and,  having  rubbed  the 
surface  of  the  boxwood  press  (fig.  35)  with  oil,  a slip  of  paper 
three  inches  in  length  and  one-fourth  of  an  inch  in  breadth  is 
placed  on  the  middle  of  the  concavity  of  the  press,  which  is 
seven-eighths  of  an  inch  wide  and  five-sixteenths  of  an  inch  deep, 
and  upon  this  a small  clay-ball  about  half  an  inch  in  diameter ; 
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the  upper  surface  of  the  press  is  then  stamped  horizontally  on  the 
clay  mass  as  far  as  is  required.  This  being  done,  the  superfluous 
clay  -will  have  exuded,  and  the  handle  or  upjfer  part  of  the  ap- 
paratus can  be  removed  easily  by  careful  turning ; with  a small 
knife  the  clay  which  is  driven  out  may  be  cut  away,  and  it  can 
then  be  seen  whether  the  basin  is  sufficiently  thin  and  uniform  ; 
if  so,  the  slip  of  paper  is  gently  pulled  and  the  dish  extracted. 
After  a few  hours’  drying,  the  paper  detaches  itself  from  the  little 
clay  dish,  which  is  then  heated  to  redness  in  a platinum  crucible. 
These  basins  should  not  exceed  one  thirty-second  of  an  inch  in 
thickness,  and  the  proper  consistence  of  the  clay  is  soon  ascer- 
tained ; if  the  edges  of  two  of  these  little  vessels  be  ground  with 
a file,  one  may -serve  as  a cover  to  the  other. 


The  steel  mortar  (fig.  36)  is  an  apparatus  of  great  use  to  the 
blow-pipe  and  mineral  analyst.  It  consists  of  three  separate  parts. 
The  lower  portion  is  a shallow  dish  of  steel  into  which  a massive 
hollow  hemispheral  cylinder  also  of  steel  is  accurately  fitted  by 
grinding;  the  upper  portion  is  a solid  cylinder.  When  a mineral 
has  to  be  crushed,  it  is  introduced  into  the  bed  of  the  mortar;  the 
solid  cylinder  is  then  replaced  and  struck  forcibly  several  times 
with  a wooden  mallet,  by  which  it  is  reduced  to  a coarse  powder, 
and  may  afterwards  be  brought  to  an  impalpable  powder  by 
grinding  it  in  an  agate  mortar. 

Bulk.  See  Volume. 

Cellulose  ake  Lignine.  Cellulose,  or  cellular  tissue , is  com- 
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mon  to  the  cellular  structure  of  all  vegetables.  Its  centesimal 
composition  is — 

Carbon 44-44 

Hydrogen 6- 1 8 

Oxygen 49*38 

lOO’OO 

In  young  plants  tbe  cells  are  formed  in  the  midst  of  the  sap, 
which  circulates  in  their  stalks,  and  each  cell  is  successively  de- 


Fig.  37.  Fig.  38. 


veloped  in  attaching  itself  to  those  previously  formed.  The  forms 
are  modified  in  this  process : sometimes  they  are  round,  and  ma- 

Fig.  39.  Fig.  40. 


nifest  a certain  regularity  of  arrangement  and  form,  ns  in  the  pith 
of  elder  (fig.  37).  In  this  case  they  consist  of  cellular  tissue,  pro- 
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perly  so  called.  Sometimes  they  affect  the  form  of  oblong  vessels 
connected  at  the  ends,  as  is  shown  in  the  longitudinal  and  trans- 
verse sections  of  the  stalk  of  asparagus  (figs.  38  and  39), 
and  in  fibres  of  hemp  or  flax  (fig.  40),  or  of  cotton,  (fig. 

41).  In  such  cases  they  are  called  vascular  tissue. 

As  the  plant  advances  in  age  the  coating  of  lignine 
encrusting  the  inner  surfaces  of  these  vessels  becomes 
thicker  and  thicker,  leaving  less  and  less  open  space 
within  for  the  circulation  of  the  sap.  This  combination 
constitutes  what  is  familiarly  known  as  wood. 

Cellulose  is  almost  pure  in  the  hairy  matter  of  the 
cotton-plant,  in  hemp,  in  flax,  and  in  artificial  substances 
derived  from  these,  such  as  paper,  and  the  rags  from 
which  it  is  made.  It  is  all  but  absolutely  pure  in  the 
Swedish  filtering-papers.  To  obtain  it  chemically  pure 
it  is  only  necessary  to  treat  these  bodies  successively 
■with  water,  alcohol,  ether,  the  weak  acids,  and  dilute 
alkalies. 

Pure  cellulose  is  white,  solid,  translucent,  insoluble 
in  water,  alcohol,  ether,  and  the  oils  fixed  and  volatile. 

Its  composition  is  expressed  by  the  formula  C0  II10  05. 

The  dilute  acids  and  alkalies  have  but  little  action 
upon  it.  Its  resistance  to  these  reagents  varies  with  its 
age,  the  fresb  and  recently  formed  being  more  easily 
affected  than  the  old  and  more  cohesive.  Concentrated 
sulphuric  and  phosphoric  acids  produce  remarkable  effects  upon 
it,  converting  it  first  into  dextrine  and  then  into  glucose.  A mix- 
ture of  sulphuric  and  fuming  nitric  acids  converts  it  into  pyroxyline 
or  gun-cotton.  At  a boiling  heat  nitric  acid  dissolves  it,  oxalic  acid 
being  formed.  Acetic  acid  is  without  action  on  it,  but  it  dissolves 
completely  in  an  ammoniacal  solution  of  oxide  of  copper. 

When  cellulose  has  been  disintegrated  by  sulphuric  acid  it  is 
rendered  blue  by  a solution  of  iodine — a property  which  indicates 
its  close  relation  to  starch,  with  which  it  is  isomeric.  This  re- 
action serves  to  distinguish  cellulose  from  certain  nitrogenised 
membranes,  which  do  not  possess  this  property. 

Lignine,  which  lines  and  encrusts  the  woody  cells,  is  produced 
from  the  organic  compounds  dissolved  in  the  sap.  Its  structure 
is  illustrated  in  fig.  42,  which  is  a microscopic  view  of  the  trans- 
verse section  of  oak.  The  black  parts  show  the  canals  which, 
remain  open  for  the  circulation  of  the  sap  within  the  lignine, 
some  of  which,  such  as  a,  a,  a,  being  much  larger  than  others, 
are  the  chief  conduits  of  that  liquid. 

The  structure  of  tbe  trunk  of  a tree  being  produced  by  the  an- 
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nual  formation  of  matter  collecting  in  a succession  of  cylindrical 
shells,  one  outside  another,  it  follows  that  the  central  part  is  the 


reason  the  hard  woods,  which  contain  a greater  proportion  of  lig- 
nine,  have  a greater  calorific  power.  Lignine  is  blackened  by 
sulphuric  acid  and  soluble  in  chlorine ; by  these  properties  it  is 
distinguished  from  cellulose. 

Cholesterine.  A fatty  substance  extracted  from  the  brain, 
nerves,  gall,  and  liver.  It  exists  also  in  blood  and  in  the  yolk  of 
eggs.  The  biliary  calculi  found  in  the  gall-bladder  often  consist  of 
almost  pure  cholesterine.  The  calculi,  treated  by  boiling  alcohol 
and  decolorized  by  animal  charcoal,  yield  pure  cholesterine.  That 
which  distinguishes  cholesterine  from  all  other  fatty  substances  is 
that  it  cannot  be  saponified,  and  that  its  point  of  fusion  is  very 
.high.  The  composition  of  cholesterine  is  expressed  by  the  for- 
mula (C26IT440);  it  is  a white,  tasteless,  and  inodorous  substance, 
insoluble  in  water,  but  dissolving  very,  readily  in  boiling  alcohol, 
from  which  it  separates  on  cooling  in  beautiful  crystalline  na- 
creous laminae,  soft  to  the  touch,  and  melting  at  about  278°  F. 

Concentration.  The  operation  by  means  of  which  the  solu- 
tion of  a substance  is  reduced  to  a smaller  bulk.  This  is  generally 
done  by  boiling  ofi‘  a suitable  portion  of  the  liquid.  (See  Heat , 
Sour<  :es  of.) 

Constituents.  Names  of  the  individual  substances  of  which 
compounds  consists.  Thus  the  constituents  of  oil  of  vitriol 
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oldest,  and  the  exterior  part, 
immediately  within  the  bark, 
the  youngest  and  most  recent. 
As  the  incrustation  of  lignine 
augments  with  age,  it  follows 
that  the  central  part  must  al- 
ways be  more  dense  than  the 
external.  The  latter,  therefore, 
having  more  open  spaces  for 
the  circulation  of  the  sap,  is 
denominated  sap-wood , the 
central  and  more  dense  part 
being  called  the  heart. 


The  lignine  being  friable, 
can  be  separated  from  the  cel- 
lulose by  bruising  and  sifting. 
It  contains  a greater  propor- 
tion of  hydrogen  than  the 
cellulose,  and  gives  more  heat 
in  combustion.  For  the  same 
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(H2S04)  are  hydrogen,  sulphur,  and  oxygen;  the  constituents  of 
sulphate  of  potassium  (K2S04)  are  potassium,  sulphur,  and  oxygen. 

Crucibles.  By  this  name  are  designated  those  vessels  in 
■which  substances  are  subjected  to  high  temperatures.  They  vary 
considerably  in  material  as  well  as  in  shape.  Those  most  com- 
monly employed  in  the  laboratory  are  the  following : — 

a)  The  Hessian  Crucible,  to  which  preference  is  almost  always 
given  where  earthen  vessels  are  required.  They  are  triangular  in 
shape,  and  will  resist  a high  temperature,  as  well  as  the  action  of 
fluxes. 

b)  The  Cornish  Crucible.  These  are  generally  round,  and  are 
provided  with  covers.  In  power  of  resisting  high  temperatures 
and  the  action  of  fluxes  they  are  nearly  equal  to  the  Hessian, 
from  which  they  are  distinguished  by  their  colour  being  white. 

c)  The  Blue-pot  or  Black-lead  Crucible.  These  vessels  are 
made  of  a mixture  of  black-lead  and  clay,  and  are  generally  of  a 
large  size,  being  used  principally  in  the  arts.  They  bear  a very 
high  temperature,  and  withstand  the  action  of  fluxes. 

Crucibles  made  of  Berlin  ware,  biscuit  porcelain,  and  Meisser 
ware,  are  also  much  used.  They  are  made  very  thin,  and  will  stand 
a high  temperature.  The 
most  convenient  shapes  are 
shown  in  figs.  43  and  44. 

Besides  these  a crucible  and 
cover  of  platinum  is  indis- 
pensable to  the  analytical 
chemist.  Thisvaluable  vessel 
should  be  used  with  care ; 
it  should  never  be  exposed 
unprotected  to  the  fuel  of  a 

furnace ; and  when  a very  high  temperature  is  required,  it  should 
be  inserted  into  a Cornish  crucible,  the  intervening  space  being 
filled  up  with  magnesia.  A pure  silver  crucible  may  in  some 
cases  be  substituted  for  one  of  platinum ; but  it  must  be  borne 
in  mind  that  silver  is  far  more  fusible  than  platinum. 

Fusible  metals,  or  compounds  of  metals  likely  to  be  reduced, 
must  never  be  heated  in  vessels  of  silver  or  platinum,  as  the 
alloy  formed  greatly  injures  them.  All  compounds  of  lead  must  be 
carefully  avoided.  * 

Crystallization-.  Most  bodies,  whether  simple  or  compound, 
in  passing  from  the  fluid  to  the  solid  state,  manifest  the  peculiarity 
of  structure  which  is  expressed  by  the  term  crystalline,  and  great 
numbers  are  found,  especially  in  the  mineral  kingdom,  naturally  in 
this  condition.  When  a body  in  this  state  is  broken,  its  surface 
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of  fracture  will  present  the  appearance  of  a multitude  of  pointed 
asperities  which  will  at  first  seem  to  be  irregular,  hut  when  sub- 
mitted to  the  microscope  will  be  found  to  have  a certain  uniform 
geometrical  structure. 

When  a crystalline  body  is  split,  it  is  found  that  its  division  is 
much  more  easily  effected  in  some  directions  than  in  others.  Such 
directions  are  called  planes  of  cleavage , and  are  in  fact  parallel  to 
the  faces  of  the  component  crystals. 

The  relative  direction  of  the  planes  of  cleavage  supply  one  of 
the  means  of  determining  the  forms  of  the  crystals. 

The  exposition  of  the  properties  of  crystals  forms  the  part  of 
physical  science  called  crystallography , and  the  processes  by  which 
bodies  are  reduced  to  the  crystallized  state  are  called  crystal- 
lization. 

Crystallization  may  he  produced  artificially  by  four  methods. 

1.  By  fusion.  If  a body  be  fused  and  then  permitted  to  cool 
by  slow  degrees  until  it  be  solidified,  it  will  crystallize. 

Ex. : If  sulphur  be  melted  and  left  to  cool,  a solid  crust  will 
be  formed  upon  it.  If  this  be  broken  and  the  sulphur  which  is 
still  liquid  be  poured  off,  a beautiful  wall  of  crystals  will  be  seen 
attached  to  the  sides  of  the  vessel. 

2.  By  volatilization.  Certain  solids,  when  their  temperature 
is  raised  to  a point  below  their  point  of  fusion,  are  volatilized. 
Their  vapour  thus  produced,  being  condensed,  forms  crystals. 

Ex. : If  arsenic  be  raised  to  365°  in  a stoneware  retort  con- 
nected with  a condenser,  it  will  be  volatilized  without  fusion,  and 
its  vapour  will  be  condensed  in  the  form  of  crystals. 

3.  By  solution  in  the  humid  way.  A solid  being  dissolved  in 
a liquid  and  the  solution  evaporated,  crystals  will  be  deposited 
when  the  proportion  of  the  solvent  becomes  insufficient  to  hold 
all  the  solid  in  solution. 

Ex,-:  If  a solution  of  sugar  be  slowly  evaporated  without  agi- 
tation, fine  crystals  of  sugar-candy  will  be  deposited. 

4.  By  solution  in  the  dry  way.  This  process  consists  in  the 
use  of  solvents  which  have  high  points  of  fusion,  and  which 
being  slowly  evaporated  in  the  incandescent  state  deposit  crystals 
of  the  body  they  hold  in  solution.  Ebelmait,  to  whom  this 
method  is  due,  obtained  crystals  of  certain  minerals  never  found 
crystallized  in  their  native  state. 

Ex.:  Fused  boracic  acid  dissolves  most  of  the  metallic  oxides. 
If  a mixture  of  alumina  and  magnesia  in  the  proportion  in  which 
they  are  found  in  the  mineral  called  spindle  be  dissolved  in  boracic 
acid  fused  in  a porcelain  oven,  artificial  spinelle  will  be  produced 
in  a crystallized  state  by  evaporating  the  boracic  acid. 
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Crystalline  Systems.  Although  they  are  infinitely  various, 
crystalline  forms  have  been  reduced  to  a very  linflited  number  of 
classes.  Some  forms  are  mere  modifications  of  others  of  a more 
simple  nature.  Others  are  produced  by  the  combination  of  the 
more  simple  forms. 

Centre.  Within  every  crystal  there  is  a certain  point  which 
divides  into  equal  parts  every  line  passing  through  it  and  termi- 
nated in  the  faces  or  edges  of  the  crystal.  This  point  is  called 
the  centre  of  the  crystal,  from  its  analogy  to  the  centre  of  a circle, 
which  divides  the  diameters  into  equal  parts. 

Diameters.  Lines  passing  through  the  centre  and  terminated 
in  the  crystal  are  called  diameters. 

Axes.  Diameters  so  placed  that  a plane  passing  through 
them  will  divide  the  crystal  into  equal  and  similar  solids,  are 
called  axes.  The  crystal  is  therefore  disposed  symmetrically 
around  each  of  its  axes. 

These  axes  are  distinguished  by  very  important  optical  pro- 
perties, which  often  serve  as  a convenient  method  of  determining 
their  direction. 

All  the  varietes  of  crystalline  forms  have  been  reduced  to  six 
classes  called  crystalline  systems,  which  are  severally  characterised 
by  the  number,  relative  position,  and  relative  length  of  the  axes. 

i.  The  reyular  system  has  three  equal  axes,  each  of  which  is  at 
right  angles  to  the  plane  of  the  other  two. 

Fig.  45. 


This  system  includes  the  cubes  or  reyular  hexahedron  (fig.  4?), 
which  has  several  systems  of  axes.  Thus  lines  joining  the  centres 
of  the  square  faces,  and  lines  joining  the  opposite  angles,  are  axes. 

It  also  includes  the  regular  octahedron  (fig.  46),  the  axes  of  which 
are  lines  joining  the  opposite  angles.  Also  the  regular  rhombic 
dodecahedron  (fig.  47),  the  regular  tetrahedron,  whose  faces  are  four 
equilateral  triangles  (fig.  48),  and  various  other  forms  derived  from 
these  by  modification  or  combination. 

2.  The  square  prismatic  system  takes  its  name  from  the  square 
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right  prism,  the  height  of  which  is  greater  or  less  than  the  edge 
of  its  base.  In  this  system  there  are  three  axes,  each  of  which  is 

Fig.  47.  48* 


at  right  angles  to  the  plane  of  the  other  two.  Two  are  equal,  but 
the  third  is  greater  or  less  than  these. 

This  system  includes,  besides  the  rectangular  square  prism, 


Fig.  49. 


Fig.  50. 


the  octahedron  with  a square  base  (fig.  49),  the  ^ being  the  two 

diagonals  of  the  base  and  the  line  c c. 

\ The  rhombohedral  system  has  four  axes,  of  which  three  are 
equal,  in  a common  plane,  and  intersect  at  angles  of  60  , the 
fourth  being  at  right  angles  to  this  plane. 

This  system  tabes  its  name  from  the  rhombohedion  (fv5°)> 
which  is  one  of  its  principal  forms.  The  principal  axis  cc  joins 
two  opposite  angles,  while  the  other  three  or  secondary  axes  join 

the  middle  points  of  the  opposite  edges. 

This  system  also  includes  the  regular  dodecahedron  (fig.  5 0>  the 
faces  of  which  are  12  equal  isosceles  triangles  standing  on  a com- 
mon hexagonal  base,  the  three  diagonals  of  which  are  the  secon- 
dary axes.  It  also  includes  the  right  hexagonal  prism  (fag.  52),  and 
the  dodecahedron  (fag.  53),  with  scalene  triangular  faces 

4.  The  right  prismatic  system  has  three  unequal  axes,  each  of 
which  is  at  right  angles  to  the  plane  of  the  ot  ei  wo. 

This  system  takes  its  name  from  the  right  prism  with  a 
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gular  base,  which  is  one  of  its  forms.  The  principal  axis  is  the 
axis  of  the  prism  and  the  lines  joining  the  centres  of  the  opposite 
lateral  faces. 


Another  iorm  of  this  system  is  the  right  octahedron  with  a 
rhombic  base  (fig.  54),  consisting  of  two  right  triangular  pyramids 
having  a common  rhomboic  base.  The  axis  of  the  pyramids  is 
the  principal,  and  the  diagonals  of  the  base  the  secondary  axes. 


Fig.  54. 


5.  The  oblique  prismatic  system  has  three  unequal  axes,  two  of 
which  are  oblique  to  each  other,  the  third  being  perpendicular  to 
their  plane. 

This  system  takes  its  name  from  the  oblique  rectangular  prism , 
whose  base  is  a rectangle  with  unequal  sides,  its  axis  being  in- 
clined to  the  base.  The  axis  of  the  prism  is  the  principal,  and 
the  lines  joining  the  centres  of  its  opposite  lateral  faces  the 
secondary  axes. 

The  octohedron  (tig.  55),  consisting  of  two  scalene  triangular 
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pyramids  with  a rectangle  as  a common  base,  belongs  to  this 
system. 

6.  The  doubly  oblique  prismatic  system  has  three  unequal  axes, 
each  of  which  is  inclined  to  the  plane  of  the  other  two. 

This  system  includes  the  oblique  prism  with  an  oblique  paral- 
lelogram as  a base : the  octohedron  consists  of  two  scalene  trian- 
gular pyramids  with  an  oblique  parallelogram  as  their  common 
base. 

The  following  are  examples  of  the  crystalline  forms  of  the 
several  systems : — 

1.  Regular  system.  Most  of  the  metals,  diamond,  salt,  alum, 

garnet,  fluor-spar,  galena. 

2.  Square  prismatic.  Zircon,  tinstone,  apophyllite,  ferro- 

cyanide  of  potassium. 

3.  Rhombohedral.  Ice,  calcareous  spar,  nitrate  of  soda,  rock 

crystal,  arsenic,  antimony. 

4.  Right  prismatic.  Sulphur  (at  low  temperature),  nitre, 

iodine,  sulphates  of  potassium  and  barium. 

5.  Oblique  prismatic.  Sulphur  (by  fusion),  realgar,  sulphate, 

carbonate,  and  phosphate  of  sodium,  borax,  green  vitriol. 

6.  Doubly  oblique  prismatic.  Sulphate  of  copper,  nitrate  of 

bismuth,  quadroxalate  of  potassium. 

When  the  same  body  is  capable  of  crystallizing  in  different 
systems,  under  different  conditions,  it  is  said  to  be  dimorphous. 
Sulphur  is  an  example  of  this. 

When  two  different  bodies  crystallize  according  to  the  same 
system,  they  are  said  to  be  isomorphous. 

Cube.  A crystal  which  has  six  square  and  equal  surfaces. 
Dice  are  cubes. 

Decantation.  When  a liquid  contains  solid  particles  heavier 
than  itself,  these  ordinarily  will  gradually  subside  to  the  bottom, 
the  whole  be  left  at  rest.  The  supernatant  liquor  may  then  be 
separated  by  carefully  pouring  it,  or  siphoning  it  off,  and  this  is 
called  decanting.  Decantation,  therefore,  answers  the  same  purpose 
as  filtration , (See  Filtration.) 

Decrepitate.  A substance  is  said  to  decrepitate  when,  on 
being  exposed  to  heat,  it  crackles  and  flies  off.  A iamiliar  il- 
lustration is  offered  by  throwing  common  salt  into  the  fire,  or  by 
heating  it  on  a metallic  plate  or  in  a crucible. 

Deliquescent  (from  deliquere,  to  melt,  to  become  liquid),  is 
said  of  a solid  substance  which  gradually  falls  into  a liquid  by 
absorbing  moisture  from  the  atmosphere. 

Desiccation.  The  operation  of  drying.  Bodies  differ  very 
much  in  their  relative  powers  of  absorbing  aud  retaining  water ; 
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but  it  is  necessary  to  distinguish  carefully  between  the  water 
which  a substance  may  contain  in  accidental  aamixture,  and 
that  which  belongs  to  it  essential?!/,  being  a part  of  its  constitu- 
tion. In  the  preliminary  operation  of  drying,  this  latter  water 
must  not  he  interfered  with. 

The  preparation  of  efflorescent  and  deliquescent  crystals  in  a 
state  fit  for  analysis  is  rather  difficult.  It  is  obviously  inadmissible 
to  expose  them  to  the  air;  they  must  therefore  be  deprived  of 
their  water  of  admixture  by  pressing  them,  in  a finely  divided 
state,  between  folds  of  bjlulous  paper,  until  there  are  no  longer 


Fig.  56. 


signs  of  moisture  on  the  latter.  There  are  many  substances,  par- 
ticularly such  as  are  of  an  organic  nature,  which  though  they  do 
not  lose  their  water  of  admixture  in  a dry  atmosphere  at  common 
temperatures,  cannot  nevertheless  be  exposed  to  the  temperature 
of  2 1 20  F.  without  undergoing  decomposition.  The  desiccation 
of  such  substances  may  be  effected  by  placing  them  in  a watch- 
glass,  over  a shallow  basin  containing  strong  oil  of  vitriol,  un- 
derneath the  receiver  of  an  air-pump,  and  exhausting  the  air. 
The  arrangement  is  shown  in  fig.  56 ; or,  more  simply  and 
without  the  employment  of  the  air-pump,  by  suspending  the  sub- 
stances in  a watch  glass,  d (fig.  57),  over  the  surface  of  oil  of 
vitriol  contained  in  a beaker,  the  edge  of  which  is  ground  so  that 
it  may  be  closed  accurately  by  the  ground-glass  plate,  b,  in  the 
centre  of  which  is  inserted  the  cork,  c,  from  which  the  support 
containing  the  watch-glass  hangs. 

Substances  which  will  bear  the  heat  of  boiling  water  may  be 
dried  in  the  water-oven,  b (fig.  59). 
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It  consists  of  a copper  box  about  six  inches  square,  provided 
with  a water-tight  jacket,  the  edges  being  soldered  with  brass. 

It  is  furnished  with  a door,  in  which 
is  cut  a small  ventilating  aperture, 
which  can  be  opened  or  closed  at 
pleasure  by  means  of  a small  nut. 
One  of  the  chimneys  on  the  top  of 
the  box  communicates  with  the 
jacket;  through  this  the  charge  of 
water  is  given  to  the  apparatus ; the 
other  communicates  with  the  inte- 
rior chamber,  in  which  the  substance 
to  be  dried  is  placed  in  a watch - 
slass,  the  edge  of  which  is  ground 
so  that  it  may  be  covered  air-tight 
with  another  similar  watch-glass, 
held  tightly  upon  it  during  the  opera- 
tion of  weighing  by  a clasp,  as  shown  in  tig.  60.  If  a higher 
temperature  than  boiling  water  be  required,  the  oven  may  be 
filled  with  a fixed  oil,  such  as  olive-oil,  the  temperature  being 
regulated  by  thermometer.  The  water-bath  A (fig.  58),  is  an 


Fig.  58.  Fig.  59. 


apparatus  indispensable  in  the  chemical  laboratory.  It  serves  to 
complete  the  desiccation  of  large  quantities  of  liquid  at  an  un- 
varying temperature ; it  is  likewise  exceedingly  useful  for  diges- 
tions, concentrations,  and  numerous  other  operations  in  which  the 
heat  of  boiling  water  is  required. 
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Fig.  6o. 


Fig.  6i. 


Fig.  6 1 represents  a very  useful  contrivance  for  drying  sub- 
stances at  any  required  temperature.  It  consists  o^  a cylindrical 
box  of  copper,  provided  with 
a jacket  or  double  casing, 
and  a false  bottom  pierced 
with  boles  for  the  more 
equable  diffusion  of  air 
through  the  interior.  It  is 
also  provided  with  a tall 
chimney,  to  determine  a . 
strong  current  of  air  through  the  chamber,  and  a thermometer 
for  regulating  the  temperature.  The  substances  to  be  dried 
are  placed  in  dishes  or  watch-glasses, 
on  a trellis-work  of  copper  or  iron, 
placed  about  an  inch  above  the  false 
bottom.  By  carefully  adj  usting  the 
tia me  of  the  oil  or  gas  lamp  placed 
underneath,  it  is  easy  to  maintain, 
for  any  length  of  time,  a perfectly 
uniform  heat. 

In  bg.  62  is  shown  an  arrange- 
ment for  drying  substances  in  a 
current  of  dry  air,  produced  by  the 
edlux  of  water.  The  substance  is 
introduced  into  a small  bent  tube, 
c,  which  has  been  weighed.  The 
body  of  this  tube  is  plunged  into 
the  copper  water-bath,  b,  charged 
with  a saturated  solution  of  com- 
mon salt ; it  is  kept  in  its  place  by 
a cover  furnished  with  two  aper- 
tures, to  receive  the  arms  of  the 
drying-tube ; the  wider  arm  is 
united  by  means  of  a bent  tube, 
and  a caoutchouc  connector,  with  a 
tube  containing  fragments  of  chlo- 
ride of  calcium ; and  the  narrower  arm 
is  connected  with  another  chloride  ol 
calcium  tube  bent  at  right  angles, 
so  as  to  pass  through  the  cork  of  the  aspirator,  A,  and  reach  down 
nearly  to  its  bottom.  This  aspirator  is  filled  with  water,  and  on 
exhausting  the  siphon  itdows  out  in  a small  stream,  which  may  be 
regulated  by  the  cock,  s,  its  place  being  supplied  by  the  air  drawn 
through  c,  and  which  becomes  diied  during  its  passage  through  the 
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chloride  of  calcium.  The  bath  is  charged  with  water,  a saturated 
solution  of  common  salt,  or  of  chloride  of  calcium,  according  to  the 
degree  of  heat  required,  j 

Fin.  62. 


In  fig.  63  is  shown  an  arrangement  for  drying,  at  any  re- 
quired temperature,  in  vacuo.  The  substance  is  placed  in  a glass 
tube,  e,  which  passes  through  a copper  collar  into  the  air-bath,  f. 

Fig.  63. 


This  tube  is  closed  air-tight  with  a good  cork,  into  which  is  inserted 
a bent  glass  tube,  establishing  a communication  with  the  chloride 
of  calcium  tube,  d , and  finally  with  the  exhausting  syringe,  b. 
llyr  raising  and  depressing  the  piston  a few  times  a tolerable  vacuum 


GLOSSARY. 


455 


is  produced  in  the  tube  ; and  by  means  of  the  stopcocks,  a and  c, 
air  may  be  admitted  from  time  to  time,  which  becomes  deprived 
of  all  moisture  previous  to  entering  the  tube  containing  the  sub- 
stances, bv  passing  over  the  chloride  of  calcium  tube,  d.  In  cases  in 
which  it  is  desirable  to  exclude  atmospheric  air,  the  substance  to 
be  dried  may  be  placed  in  a flask  immersed  in  an  oil-bath  provided 
with  a thermometer,  and  a current  of  hydrogen  or  carbonic  acid 
drawn  from  a reservoir  through  the  left-hand  chloride  of  calcium 
tube  (fig.  64),  by  means  of  an  exhausting  syringe  connected  with  the 
chloride  of  calcium  tube  on  the  left  hand.  The  air  in  the  flask  is 
rarefied  by  a few  strokes  of  the  piston ; the  cock  of  the  syringe 
is  then  closed,  and  that  communicating  with  the  gas  reservoir 


Fig.  64. 


opened,  upon  which  a current  of  dry  gas  enters  the  flask.  This  ope- 
ration is  repeated  two  or  three  times,  till  the  apparatus  is  com- 
pletely filled  with  dry  gas.  The  oil-bath  is  now  raised  to  the  re- 
quisite temperature,  the  flask  is  again  exhausted,  fresh  dry  gas 
being  again  admitted.  In  about  one  hour  the  desiccation  will  be 
complete. 

In  substances  which  will  bear  a red  heat  without  decomposi- 
tion, the  amount  of  water  they  contain  may  be  determined  by 
heating  them  in  a tube  with  perfectly  dry  carbonate  of  lead,  and  re- 
ceiving the  water  in  a properly  arranged  chloride  of  calcium  tube. 

Dextrine.  The  name  of  a species  of  gum  into  which  starch 
is  converted  by  heating  it  in  an  oven,  and  which  is  extensively 
used  by  calico-printers,  &c.,  under  the  name  of  British  gum.  Its 
composition  is  expressed  by  the  formula  (C6IIio05).  It  derives 
its  name  from  its  effect  upon  polarized  light,  its  solution  turning 
ing  the  plane  of  polarization  to  the  right. 
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Distillation.  The  operation  which  is  performed  on  a liquid 
when  it  is  desired  to  collect  the  evaporating  substance.  It  must 
obviously,  therefore,  be  conducted  in  an  apparatus  in  which  the 
vapour  as  it  rises  can  be  refrigerated,  and  again  reduced  to  a 
liquid  state  and  collected  in  a separate  vessel. 

The  general  process  of  distillation  is  represented  in  fig.  65. 
The  bend  of  the  retort  is  protected  from  the  cooling  influence  of' 
the  air  by  a thick  paper  or  cardboard  cone,  with  a broad  notch  to 
admit  the  neck,  the  end  of  which  is  connected  with  a long  tube, 
either  by  means  of  a cork  or  occasionally  by  cement ; or  without 

Fl(i.  65. 


cement,  the  junction  being  made  tight  by  strips  of  moistened  bladder 
or  sheet  caoutchouc,  and  the  end  of  this  tube  enters  the  mouth  of  the 
vessel  into  which  the  distilled  products  are  received.  The  receiver 
is  plunged  into  a basin  of  cold  water,  in  which  lumps  of  ice  are 
floating.  In  order  to  liquefy  the  vapour  rising  from  the  retort  as 
soon  as  possible,  several  folds  of  bibulous  paper  are  wrapped  round 
the  neck,  just  below  the  bend;  and  lower  down,  just  above  the 
point  where  the  neck  enters  the  adapter,  a ring  of  tow  is  tied,  the 
ends  of  which  are  caused  to  hang  down  four  or  five  inche?.  Cold 
water  is  supplied  to  this  paper  from  a large  funnel  containing  a 
filter  placed  immediately  above  it,  or  in  such  a position  that  the 
drops  of  water  shall  fall  on  and  spread  over  the  paper,  which  will 
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soon  become  saturated,  and  the  water  will  run  do^vn  to  the  tow, 
from  which  it  will  descend  and  he  caught  in  a vessel  placed 
beneath  ; and,  provided  it  does  not  flow  in  too  rapid  a stream,  none 
will  enter  the  flask. 

In  cases  where  the  products  are  not  easily  condensed,  Liebig’s 
condenser,  shown  in  tig.  66,  is  a very  useful  and  convenient  ar- 
rangement, and  is  applicable  in  all  cases  where  an  open  apparatus  is 
inadmissible.  The  condenser  is  a hollow  metallic  or  glass  cylin- 
der, through  the  centre  of  which  a glass  tube  passes,  being  fixed 


water-tight  by  means  of  perforated  corks  covered  with  cement. 
This  tube  is  connected  either  by  a cork  or  by  tubing  with  the  beak  of 
the  retort ; a constant  stream  of  water  is  caused  to  flow  from  the 
reservoir  placed  .above,  down  the  funnel,  thus  entering  the  cylinder 
at  its  lowest  part.  The  water,  warmed  by  the  condensation  of  the 
vapour,  flows  out  through  the  vertical  tube  underneath  the  upper 
part  of  the  cylinder;  the  whole  apparatus  is  thus  kept  constantly 
cool. 

When  it  is  desired  to  conduct  the  gaseous  products  of  distilla- 
tion into  vessels  containing  water  or  other  liquids,  as  in  the  pre- 
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paration  of  hydrochloric  and  sulphurous  acids,  solution  of 
ammonia,  See.,  an  arrangement  such  as  represented  in  fig.  67  is 
frequently  used.  It  consists  of  a series  of  vessels  placed  side  by 


Fin.  67. 


side  and  connected  by  tubes  in  such  a manner  that  the  tube  ori- 
ginating in  one  vessel  descends  nearly  to  the  bottom  of  the  vessel 
following  it.  A simple  inspection  of  the  figure  will  show  the 
direction  in  which  the  current  is  supposed  to  be  passing.  After 
having  acted  on  the  water  or  solution  in  the  first  bottle,  it  passes 
through  the  bent  tube  into  the  second,  and  thence  to  the  third. 
This  arrangement  has  received  the  name  of1  Woolfe’s  Apparatus.’ 


Fig.  68. 


It  is  sometimes  required  to  collect  for  examination  the  uncon- 
densible elastic  fluids  evolved  during  distillation,  besides  the  liquid 
results.  The  object  in  such  cases  is  readily  attained  by  bending  the 
delivering  tube  of  the  third  bottle  into  a curve,  and  bringing  it 
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under  the  shelf  of  the  hydro-pneumatic  or  the  murcurio  pneumatic 
trough.  When  the  operation  is  conducted  on  a small  scale,  the 
receiver  may  he  made  out  of  a piece  of  tube  bent  in  the  manner 
represented  in  fig.  68.  The  distillation  is  conducted  precisely  in 
the  same  manner  as  with  an  ordinary  retort  and  receiver. 

Efflorescence  (from  efflorescere,  to  blossom).  Formation  of 
small  acicular  crystals,  like  a fine  moss  or  mouldiness,  on  the 
surface  of  bodies,  which  is  produced  by  the  evaporation  or  loss  of 
water  from  saline  substances. 

Eltjtriation  (from  t)\vtoov,  aqueduct)  signifies  to  decant  from 
one  vessel  into  another.  By  this  process  a mixture  of  heavy  and 
light  particles  may  be  separated  from  each  other  by  stirring  the 
mass  with  water  and  carefully  decanting  it.  The  water  carries  off 
the  lighter  particles,  whilst  the  heavier  parts  subside  to  the  bottom. 
Metallic  ores  are  separated  from  their  gangue  in  this  way. 

Ejipyrecmatic  (from  s^ttvuouj,  I burn).  Name  of  a disagreeable 
and  peculiar  odour  produced  by  submitting  organic  substances  to 
destructive  heat  in  close  vessels,  and  therefore  out  of  contact  of 
air. 

Filter,  a strainer.  To  filter  is  to  strain  through  linen,  paper, 
or  any  suitable  material.  This  is  an  operation  of  constant  occur- 
rence in  analytical  experiments.  It  consists  in  separating  the  solid 
particles  which  may  be  mixed  up  with,  or  suspended  in  a liquid. 
This  is  generally  effected  by  cutting  circular  discs  of  good  white 
filtering-paper  of  the  required  size,  and  folding  it  twice  in  opposite 


Fig.  69.  Fig.  70. 


directions,  so  as  to  bring  the  four  quadrants  together;  one  quadrant 
is  then  opened  out  from  the  three,  so  as  to  produce  a conical  cup, 
as  shown  in  fig.  69.  The  paper  thus  prepared  is  placed  inside  a 
glass  funnel,  taking  care  that  it  does  not  extend  beyond  or  even 
quite  reach  the  edge  of  the  funnel.  In  qualitative  experiments, 
where  it  is  desirable  to  expedite  the  operation  as  much  as  possible, 
and  in  cases  where  a large  quantity  of  a bulky  precipitate  has  to 
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be  separated,  the  filtrate  being  the  valuable  part,  the  filter  may  be 
plaited,  as  shown  in  fig.  70,  so  as  to  prevent  its  close  udhesion  .to 
the  glass.  Ribbed  funnels  are  also  sometimes  employed  for  the 
same  purpose.  The  funnel,  during  the  operation  of  filtering,  is 
placed  on  the  ring  of  a retort-stand  or  any  other  form  of  holder, 
and  the  fluid,  if  in  a beaker,  is  carefully  poured  down  a glass  rod, 
in  the  manner  shown  in  fig.  71.  The  edge  of  the  beaker  is 
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greased,  by  which  the  adhesion  of  particles  of  the  liquid  is  pre- 
vented, and  all  loss  from  trickling  down  the  outside  of  the  glass 
obviated.  The  clear  fluid,  as  it  drops  from  the  funnel,  should  not 
be  allowed  to  fall  directly  into  the  receiving  vessel,  but  caused  to 
impinge  on  its  side,  as  shown  in  the  figure.  By  attending  to  this 
we  avoid  all  risk  of  loss  by  the  splashing  of  the  liquid. 

Ganghe.  Portions  of  frock  or  earth  which  adhere  to  a 
metallic  one. 

Gravity  ( Specific. ).  The  relative  weight  of  a body  of  a certain 
volume  compared  to  another  body  of  the  same  volume  taken  as 
a standard.  It  expresses,  therefore,  the  proportion  or  quantity 
of  matter  contained  in  a body,  compared  with  the  proportion  or 
quantity  of  matter  contained  in  another  body  of  the  same  bulk. 
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The  specific  gravity  of  solid  and  liquid  bodies  js  compared  with 
that  of  pure  distilled  water  at  the  temperature  of  6o°  F.  One 
cubic  foot  of  such  water  weighs  1,000  ounces,  and  its  gravity  being 
taken  as  the  unit  or  point  of  comparison,  is  marked  thus,  rooo. 
"When,  therefore,  we  find  the  specific  gravity  of  mercury,  for  ex- 
ample, represented  by  I3‘5S,  and  that  of  bar-iron  7 788,  it  means 
that  mercury  is  13^  times,  and  bar-iron  times,  heavier  than 
water;  or,  in  other  words,  that  whilst  one  cubic  foot  of  pure  dis- 
tilled water  weighs  1,000  ounces,  one  cubic  foot  of  mercury  weighs 
13,580  ounces,  and  one  cubic  foot 
of  bar-iron  7,788  ounces. 

The  method  of  taking  the 
specific  gravities  of  bodies  is  de- 
scribed in  all  treatises  on  Chem- 
istry. 

Heat  (Sources  of).  Where 
coal-gas  can  be  obtained,  there  is 
nothing  so  convenient  or  so  cheap. 

When  gas  is  allowed  to  mix  with 
a sufficient  quantity  of  atmos- 
pheric air  to  effect  a complete 
combustion  of  its  carbon,  it  burns 
with  a flame  which,  though  hav- 
ing but  little  luminosity,  possesses 
great  heat,  and  throws  off  no 
solid  charcoal  on  cold  bodies 
held  over  it.  It  is  thus  admirably 
adopted  for  the  ignition  of  cruci- 
bles. The  simplest  arrangement 
of  the  coal-gas  jet  for  this  purpose  is  shown  in  fig.  72, 
The  mixture  of  gas  and  air  takes  place  in  the  copper  cylinder, 
and  it  is  inflamed  above  the  wire  gauze  fas- 
tened over  the  top.  The  crucible  to  be 
heated  is  supported  on  a triangle  of  platinum 
wire  laid  across  the  ring  of  the  retort-stand. 
But  the  gas-burner  now  most  generally  used 
in  the  chemical  laboratory  is  that  invented  by 
Professor  Bunsen,  and  shown  in  fig.  73.  The 
gas  is  supplied  through  the  horizontal  tube, 
whence  it  passes  through  a set  of  small  holes 
into  the  box,  «,  in  which  it  mixes  with  at- 
mospheric air  that  enters  freely  by  the  holes 
shown  in  the  sketch.  The  gaseous  mixture 
pn?ses  up  the  vertical  tube,  b,  and  is  inflamed  at  the  top,  where  it 
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burns  with  a single  tall  blue  flame,  which  produces  no  smoke  and 
gives  very  little  light,  but  much  heat,  a represents  a thin  brass  cap 
which  fits  the  air-box,  a,  but  moves  easily  round  it ; 4is  a flat  cast- 


Ftg.  74.  Fig.  75. 


iron  box,  with  many  holes  round  the  margin  and  a few  small  ones  on 
the  top.  This  box  fits  loosely  on  the  upper  part  of  the  tube,-  b, 
Fig.  76.  fmd  when  it  is  placed  upon  it  and  the  gas  is 
lighted,  the  flame  produced  consists  of  a series  of 
radiating  jets  as  shown  in  fig.  74,  in  which  a 
represents  the  horizontal  flames  and  b the  single 
vertical  flame. 

In  figs.  75  and  76  are  represented  Mr.  Grif- 
fin’s arrangement  for  boiling  and  evaporating, 
by  his  modification  of  the  Btjnsen  burner,  a is  the 
gas-burner  (it3  position  shown  in  section  in  fig.  76),  b an  iron  stove 
with  three  legs,  c a furnace  body  or  iron  jacket  lined  with  plum- 
bago or  fire-clay.  Fig.  76  shows  the  jacket  and  lining  in  section, 
and  marks  the  position  of  the  fire-box,  d,  of  the  gas-burner.  The 
burner  thus  arranged,  and  supplied  by  a gas-pipe  of  ^-inch  bore, 
burns  about  33  cubic  feet  of  gas  in  an  hour,  and  will  boil  two 


gallons  of  water  in  an  open  porcelain  evaporating  basin  in  half 
an  hour. 

Mr.  Griffin's  arrangement  for  heating  to  redness  a large  fire- 
clay crucible  is  shown  in  perspective  in  fig.  77,  and  in  section 


in  fig.  78. 

The  gas-burner  is  to  be  used  without  the  fire-box,  a (fig.  79), 
and  is  to  be  arranged  with  the  furnace  fittings  that  are  represented 
in  perspective  by  fig.  77,  and  in  section  by  the  lower  part  of 
fig.  78,  a,  b,  c,  d.  Letter  a represents  the  gas-burner;  b is  a 
tall  iron  stool;  c a chimney  which  collects  atmospheric  air  to  feed 
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the  flame;  cl  is  a furnace-sole  or  plate  of  fire-cla^;  f is  a rever- 
beratory dome,  the  interior  of  which  is  best  shown  in  section  in 
fig.  79;  i is  a cast-iron  ring  or  trivet,  represented  more  clearly 

Fin.  77.  Fin.  78. 
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in  fig.  80;  g is  an  iron  chimney  24  inches  long  and  3^  inches 
wide,  and  h a damper,  to  lessen  the  draught  when  small  crucibles 
are  to  be  heated.  The  gas  should  be  lighted  after  the  crucible  is 
placed  in  its  position,  and  before  the  dome  is  put  on. 

In  this  furnace  a small  gas  flame  produces  a powerful  effect, 
because  very  little  heat  is  lost  by  radiation  or  conduction. 


Fig.  81. 


The  furnace  is  represented  in  section  in  fig.  79.  a is  the 
gas-burner;  b the  stove;  v the  air-chimney;  cl  the  furnace-sole: 
i a cylinder  of  fire-clay  4 inches  high  and  4^  inches  in  diameter  : 
h a plumbago  or  fire-clay  furnace,  in  which  is  placed  a small  cast- 
iron  ring,  and  on  this  ring  the  platinum  crucible  is  adjusted: 
l is  a fire-clay  or  plumbago  reverberatory  dome  ; and  g is  the 
chimney.  In  this  furnace  1,000  grains  of  anhydrous  carbonate  of 
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sodium  may  be  fused,  and  small  quantities  of  sterling  silver  may 
be  melted  in  a clay  crucible.  9 

Normandy’s  gas  blow-pipe  furnace  is  shown  in  fig.  81.  It 
consists  of  a wire-gauze  cylinder,  partly  cased  in  sheet  iron,  in 
communication  at  the  lower  part  with  the  atmosphere,  closed  at 
the  upper  end  by  a diaphragm  of  wire  gauze  of  about  700  openings 
to  the  square  inch,  and  provided  with  a short  slightly  conical 
cover,  perforated  in  the  centre.  A blow-pipe  jet  placed  outside 
the  cylinder  traverses  the  diaphragm,  and  opens  on  a level  with 
the  aperture  in  the  cover  j a blast  of  air  is  sent  into  the  centre  of 
the  flame  by  means  of  a flexible  tube  of  vulcanized  caoutchouc 
from  a bellows,  as  shown  in  the  figure.  A flame  is  thus  produced 
of  considerable  intensitjq  and  well  adapted  to  most  of  the  require- 
ments of  the  laboratory. 

Fig.  82. 


A useful  form  of  Berzelius’s  spirit-lamp  is  shown  m fig.  82, 
he  reservoir  containing  the  spirit  being  at  a distance  from  the 
burner,  whereby  it  escapes  being  heated  during  long  operations. 
The  crucible  is  surrounded  by  an  iron  jacket,  «,  b,  c,  which 
protects  it  from  the  cooling  influence  of  the  surrounding  air. 

Aikin’s  portable  blast-furnace  is  shown  in  fig.  83.  It  is  gene- 
rally made  out  of  black-lead  pots,  three  being  used  for  the  pur- 
pose. The  lower  part  of  the  first  one  serves  as  a resting-place 
for  the  body  of  the  furnace ; it  has  a hole  drilled  through  it,  by 
which  air  is  supplied  by  a bellows  to  the  body  of  the  furnace, 
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which  is  another  crucible  placed  above  the  lower  one,  in  which 
several  holes  are  drilled  to  admit  air.  Over  the  second  crucible  a 


third  is  inverted,  with  a large 
hole  cut  in  the  side  for  the 
escape  of  smoke  and  gaseous 
m atters.  Cast  iron  may  be  melted 
in  this  furnace,  and  moderate- 
shed  crucibles  brought  to  a full 
red  heat  in  a few  minutes. 


Fro.  83. 


Fig.  84. 


The  furnace  represented  in  fig.  84  is  known  as  Black’s  furnace, 
and  is  on  the  whole  perhaps  the  most  convenient  where  a sta- 
tionary furnace  is  required.  It  consists  of  a case  of  strong  sheet 
iron,  lined  with  refractory  clay.  The  grate  is  fixed  to  the  iron 
plate  which  supports  the  chimney,  and  forms  the  top  of  the  ash- 
pit, which  is  provided  with  a sliding  door  for  the  admission  of  air. 
There  are  various  apertures  in  the  front  and  sides  of  the  furnace 
for  the  admission  of  tubes,  crucibles,  &c.  The  fuel  used  is  coke. 

Hygroscopic  (from  by  pan,  moist,  and  qkottI-u>,  I watch ) means 
the  moisture  which  substances  absorb  spontaneously  from  the 
atmosphere.  The  instrument  by  which  the  quantity  of  moisture 
contained  in  the  air  is  approximately  ascertained  is  called  a 
hygroscope. 

Hydrate  (from  vbu ip,  water).  Compounds  resulting  from  the 
union  of  acids,  of  bases,  or  of  salts,  with  water  in  fixed  and  deter- 
minate proportions. 

Ignition.  The  heating  of  substances,  such  as  precipitates  c.  g. 
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to  redness,  generally  for  the  purpose  of  eliminating  volatile  sub- 
stances before  weighing,  but  sometime  also  for  modifying  the 
state  of  certain  bodies.  Ignition  is  carried  on  in  the  laboratory  in 
crucibles,  or  capsules  of  platinum,  or  of  silver,  or  of  porcelain,  as 
the  case  may  be.  (See  Heat,  Sources  of.) 

Inspissate.  To  thicken  a liquid  containing  a substance  in 
solution,  by  boiling  off  a portion  of  the  liquid.  Vegetable  extracts 
are  inspissated  j uices. 

Levigation  (from  levis,  light).  To  reduce  a substance  into  an 
impalpable  powder.  This  is  done  by  grinding  the  substance 
reduced  to  a paste,  with  water  or  some  other  liquid,  upon  a Hat 
stone  or  slab,  with  a muller. 

Nacreoes  is  said  of  the  lustre  of  mother-of-pearl,  and  of  all 
substances  which  have  that  appearance. 

Neutralization.  When  an  acid  and  a base  are  made  to  react 
upon  each  other:  as,  for  example,  when  soda  is  poured  into  sul- 
phuric acid  in  such  proportions  that  the  liquor  no  longer  reddens 
litmus-paper  nor  turns  turmeric-paper  brown,  they  are  said  to 
be  neutralized,  and  the  result  of  the  combination  is  a salt  which, 
in  the  present  instance,  would  be  Glauber’s  salt  (sulphate  of 
sodium). 

Octahedron.  Crystal  having  eight  faces.  We  give  here  (figj 
85)  the  form  of  the  regular  octahedron. 

Organic.  Substances  belong  to  the  vegetable,  to  fig.  85. 
the  animal,  or  to  the  mineral  kingdom.  Those  which 
belong  to  the  animal  or  vegetable  kingdom  being 
organized,  that  is  living  bodies,  are  called  or  panic 
bodies.  The  minerals,  which  are  inert  or  inorganized 
bodies,  are  called  inorpanic  bodies. 

Porphyrize  (to).  To  grind  upon  a slab  or  in  a mortar  of 
porphyry,  in  order  to  reduce  hard  substances  into  an  impalpable 
powder. 

Precipitate  (from  prenpitarej  to  fall  down),  is  the  name  given 
to  substances  which  have  been  separated  from  their  solution  in  a 
solid  state.  Thus,  for  example,  if  solution  of  sulphate  of  sodium, 
or  dilute  sulphuric  acid,  be  added  to  a solution  of  acetate  of  lead, 
a white  powder,  which  is  sulphate  of  lead,  will  fall  down,  or,  in 
chemical  langunge,  will  be  precipitated. 

Reagent  is  the  name  given  to  any  substance  which,  in  the 
course  of  chemical  analysis,  may  be  employed  to  detect  the  pre- 
sence of  other  substances.  For  example,  if  a little  infusion,  or 
tincture  of  nutgnlls,  be  poured  into  a liquor  containing  a sap 
of  peroxide  of  iron,  a purple-black  colour  (ink)  will  appear  • in- 
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fusion  of  nutgalls  is  therefore  a reagent  for  peroxide  of  iron.  If 
a drop  of  acid  be  poured  into  a blue  solution  of  litmus,  the 
solution  instantly  becomes  red ; litmus  is  therefore  a reagent  for 
acids. 

Retort.  -A  chemical  vessel  of  the  annexed  shape  (fig.  86\ 
(See  Distillation.') 

Salifiable  Bases.  Substances  which,  by  fig.  86. 
combining  with  acids,  can  form  salts. 

Salts.  In  a general  sense  compounds  result- 
ing from  the  action  of  an  acid  upon  a base  (see 
Base),  or  from  the  action  of  two  substances  on 
each  other,  one  of  which  acting  as  an  acid  neutralizes  the  other, 
which  then  acts  as  a base.  An  acid  salt  is  a salt  in  which  the 
acid  is  in  excess;  a basic  salt  is  a salt  in  which  the  base  pre- 
dominates. 

Solvent.  Any  substance  which  will  dissolve  another. 
Water  is  a solvent  of  sugar,  and  of  a vast  number  of  substances; 
ether  is  a solvent  of  bromine  ; mercury  is  a solvent  of  gold,  silver, 
tin,  &c.  ; melted  zinc  is  a solvent  of  copper. 

Starch. — A substance  universally  diffused  in  the  vege- 
table world,  and  found  also  in  the  animal  organism.  It  is  found 
in  seeds,  roots,  tubers,  and  bark;  in  pulpy  fruits  and  in  the 


Fig.  87. 


expressed  juice  of  most  vegetables.  Ihe  common  starch  is 
derived  from  wheaten  flour,  fecula  or  potato-starch  from  that  root. 


GLOSSARY. 


469 


Tapioca,  derived  from  the  root  of  Jathropa  manihot,  arrow-root, 
from  that  of  Maranta  arundinacea,  sago  from  the  stem  and  pitch  of 
Sayus  farinifera  Itumphii,  are  severally  mere  varieties  identical 
with  stai’ch  in  their  chemical  composition. 

If  flour  be  mixed  up  and  kneaded  in  a cloth  with  water,  a 
whitish  liquid  will  be  strained  off,  which,  being  left  to  settle,  will 
deposit  starch.  The  substance  retained  by  the  cloth,  called  yluten, 
which  is  white  and  insoluble  in  water,  is  nitrogenous,  and  is  the 
constituent  on  which  the  value  of  meal  as  an  article  of  food  chiefly 
depends. 

Starch  is  a snow-white  glistening  powder,  which  crackles  be- 
tween the  fingers.  When  submitted  to  the  microscope  it  appears 
to  consist  of  transparent  ovoidal  grains,  the  magnitude  of  which 
varies  in  different  plants,  those  of  the  potato  being  greatest,  those 
of  leguminous  seeds  (such  as  peas),  less,  and  those  of  wheat  and 
rice  smaller  still. 

When  the  fecula  of  the  potato  is.  submitted  to  the  microscope 
it  presents  the  appearance  shown  in  fig.  87.  Each  grain  presents 


Fig.  88.  . Fig.  89. 


| - 

at  its  surface  a peculiar  point,  a,  called  the  Idle,  round  which  the 
matter  is  disposed  concentrically  iu  layers  or  strata  with  a certain 
regularity.  If  a grain  be  compressed  between  two  slips  of  glass  it 
will  be  broken  into  several  fragments  (fig.  88),  the  planes  of  frac- 
ture having  their  common  intersection  in  the  hile.  Each  grain 
consists  of  a succession  of  thin  pellicles,  which  may  be  exfoliated 
by  heating  the  fecula  to  about  400°  F.  (fig.  89). 

The  symmetrical  arrangement  of  the  anhydrous  molecules 
around  the  hile  is  rendered  very  apparent  when  the  grains  of  fecula 
are  submitted  to  polarised  light,  and  a prepared  rhomb  of  Iceland 
spar  is  interposed  between  the  object  and  the  eye.  A black  cross 
is  then  observed,  the  centre  of  which  coincides  with  the  hile,  and 
which  is  analogous  to  those  which  are  seen  through  thin  crystals, 
having  a single  axis  at  right  angles  to  which  they  have  been  cut. 
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The  grains  already  shown  in  fig.  87  by  common  light,  assume  in 
polarized  light,  when  viewed  in  the  manner  here  explained,  the 
appearance  shown  in  fig.  90. 


Fig.  90. 


The  amylaceous  granules  of  different  vegetables  present  diffe- 
rent appearances,  by  which  they  may  be  easily  identified  by  a 
practised  eye.  This  is  rendered  apparent  by  inspecting  figs.  87, 


Fig.  91. 


91,  92,  and  93,  the  first  showing  the  granules  of  the  potato,  the 
sei-ond  those  of  wheat,  the  third  of  peas  (a  dry  and  b green),  and 
the  fourth  those  of  piaize.  The  fecula  of  the  potato  is  more 
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certainly  and  easily  distinguished,  being  the  only  amylaceous 
granule  which  gives  the  black  cross  with  polarized  light. 

The  following  are  the  relative  magnitudes  of  the  granules  of 

Fig.  92. 


different  vegetables  expressed,  in  their  lengths,  in  hundred 
thousandths  of  an  inch  : — 


Potato  . . 740 
Bean  . . . 300 

Sago  . . . 200 


Wheat  . . .180 

Spanish  potato.  160 
Maize  . . .100 

Fig.  93. 


Millet  ...  40 
Parsnip  . .28 

Grain  of  Beet  16 
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If  starch  he  put  in  15  times  its  volume  of  water,  of  which  the 
temperature  is  then  gradually  raised,  a part  of  the  granules  will 
begin  to  dilate,  and  will  hurst  when  the  temperature  rises  to  1400.- 
This  disintegration  is  accelerated  as  the  temperature  is  further 
elevated,  and  when  it  approaches  2120  all  the  granules  are  exfo- 
liated, and  so  enlarged  that  they  fill  the  entire  volume  of  the  liquid, 
which  is  thus  transformed  into  the  gelatinous  paste  used  for 
starching  linen  and  pasting  and  sizing  paper. 

The  conversion  of  the  fecula  into  gelatinous  paste  is  accele- 
rated by  adding  1 or  2 per  cent,  of  caustic  potash  or  soda  to  the 
water. 

When  the  dilute  acids  act  on  starch  at  21 20  the  amylaceous 
matter  is  immediately  disintegrated,  and  an  isomeric  change 
ensues,  the  result  of  which  is,  first,  the  production  of  a soluble 
substance,  called  dextrine,  because  it  possesses  right-handed  polari- 
zation, and  then  into  glucose,  or  grape-sugar,  which  has  the  same 
optical  property. 

Starch  is  quite  insoluble  in  alcohol  at  any  temperature. 
Though  generally  regarded  as  neutral,  it  is  capable  of  combining 
with  certain  bases,  such  as  lime,  baryta,  and  oxide  of  lead. 

Iodine  exercises  a characteristic  action  on  starch,  producing  a 
dark  blue  colour,  which  varies  in  tint  with  the  state  of  aggre- 
gation of  the  starch.  It  is  generally  blue,  but  sometimes  violet, 
and  when  the  starch  has  undergone  partial  disintegration  it  be- 
comes red.  Exposed  to  light  the  iodide  of  starch  is  discoloured, 
the  iodine  being  converted  info  hydriodic  and  iodic  acids  (Gtti- 
botirt).  When  iodide  of  starch  in  suspension  in  water  is  raised  to 
a temperature  of  150°  it  becomes  colourless,  but  recovers  its  colour 
when  cooled  (Lassaigne). 

When  iodide  of  starch  is  discoloured  by  exposure  to  solar 
light,  the  colour  may  be  restored  by  some  drops  of  chlorine,  which, 
decomposing  the  hydriodic  acid,  liberate  the  iodine,  which  again 
combines  with  the  starch  and  colours  it.  Alkaline  solutions  seizing 
on  the  iodine  also  discolour  the  iodide,  the  colour  being  restored 
by  an  acid,  which,  seizing  on  the  alkali,  liberates  the  iodine. 

Neither  acetic  acid  nor  ammonia  has  any  action  on  starch. 

Fuming  nitric  acid  forms  with  starch  a compound  called 
xyloidine,  insoluble  in  water. 

Stjblimate  (from  sublimis,  high),  is  the  result  of  a dry  dis- 
tillation, in  consequence  of  which  the  substance,  after  having 
risen  in  vapour  by  the  action  of  the  heat,  condenses  in  the  upper 
or  cold  parts  of  the  vessels.  Tlius,  if  sulphur  be  heated  in  a flask, 
the  fumes  will  rise  and  condense  in  the  upper  part  of  the  flask  in 
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the  form  of  a yellow  powder,  which  is  sublimed  sulphur,  commonly 
called  flowers  of  sulphur. 

Test  Papers.  Papers  which  have  been  dipped  in  solution  of 
certain  vegetable  colouring  matters,  or  of  certain  solutions  of 
metallic  salts,  capable  of  assuming  a distinctive  or  characteristic 
colour  when  put  in  contact  with  other  substances  for  which  they 
are  used  as  a test  of  their  presence.  Thus,  paper  tinged  blue  with 
tincture  or  with  aqueous  solution  of  litmus  turns  red  when  put  in 
contact  with  acids.  Paper  tinged  yellow  with  the  solution  of 
turmeric  turns  brown  by  contact  with  alkalies.  Taper  dipped  in. 
solution  of  red  cabbage  is  gray,  but  it  turns  bright  red  by  contact 
with  acids,  and  bright  green  by  contact  with  alkalies.  Paper 
which  has  been  immersed  in  solution  of  acetate  of  lead,  turns 
black  by  contact  with  sulphuretted  hydrogen.  Paper  which  has 
been  immersed  in  solution  of  ferrocj^anide  of  potassium  turns 
blue  by  contact  with  a solution  of  a salt  of  iron.  Paper  dipped  in 
solution  of  ferricyanide  of  potassium  turns  blue  by  contact  with 
a solution  of  a protosalt  of  iron,  but  is  not  altered  by  one  of  a 
persalt  of  iron,  &c.,  &c. 

Volume  is  the  name  given  to  the  space  occupied  by  the  pores 
and  molecules  of  which  bodies  consist.  It  is  important  not  to 
confound  the  mass  of  a body  with  its  bulk  or  volume.  The  term 
volume  refers  only  to  the  dimensions  of  the  body,  and  it  always 
expresses  the  place  which  the  body  occupies  in  space.  The 
density  or  gravity  of  a body  is  more  or  less  considerable  in  pro- 
portion as  the  matter  of  the  body  is  more  or  less  compact  which 
determines  its  weight.  The  mass  of  a body,  however,  depends,  at 
the  same  time,  upon  its  volume  and  its  density,  and  is  represented 
by  the  weight.  Two  bodies  of  the  same  weight  have  necessarily 
the  same  mass.  A pound  of  lead  has  the  same  mass  as  a pound 
of  cork  or  of  down ; but  cork  and  down  being  much  less  dense 
than  lead,  are  much  larger  in  bulk  or  volume  than  the  latter. 

Woolfe’s  Apparatus.  From  the  name  of  the  inventor;  is  an 
apparatus  which  consists  of  several  tubulated  vessels,  for  the  pur- 
pose of  facilitating  the  absorption  of  gases  by  liquids.  These 
flasks  or  vessels  are  so  disposed  and  connected  by  air-tight  tubes, 
that  the  gas  which  has  not  been  absorbed  by  the  liquid  contained 
in  the  first  flask,  traverses  that  contained  in  the  second,  and  then 
that  of  the  third,  and  so  on.  We  represent  the  apparatus  on  page 
474.  R is  the  retort  from  which  the  gas  to  be  absorbed  is  dis- 
engaged, and  is  connected  with  the  bottles  A,  B,  c,  as  represented. 
A,  b,  c,  are  bottles  with  three  tubulars  or  openings,  fitted  with 
perfectly  air-tight  corks,  which  are  perforated  for  the  admission  of 
th9  various  tubes.  The  bottles  A and  b,  b and  c,  are  connected 
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together  by  tubes  of  glass,  or  partly  of  glass  and  of  vulcanized  or 
of  ordinary  caoutchouc  at  D and  E.  The  straight  tubes  s,  s',  s", 
are  safety-tubes,  the  object  of  which  is  to  prevent  absorption. 
The  tube  I,  D,  e,  should  only  dip  a very  short  distance  into  the 
liquor  in  the  bottles,  otherwise  the  first  bottle  would  have  to  bear 
a more  or  less  considerable  pressure,  which  might  force  the  corks 
out.  Suppose,  in  effect,  that  the  said  tubes,  T,  D,  E,  P,  were  to 
plunge  into  the  liquid  of  their  respective  bottles,  the  first  | of  an 


inch,  the  second  § of  an  inch,  and  the  third  -§  of  an  inch ; and 
lastly,  that  the  tube  P plunges  f or  ^ of  an  inch  deep  into  the 
liquid  of  the  glass  beaker,  g.  It  is  easily  conceived  that  the 
pressure  would  be  equal  to  the  weight  of  a column  of  liquid 
j inch  high,  in  the  beaker  g;  | + f,  or  the  weight  of  a column  of 
liquid,  | of  an  inch  high  in  bottle  c : f + § + §,  or  § of  an  inch 
pressure  in  bottle  B;|  + f + | + ^=\°,  that  is  1 j in.  pressure  in 
the  first  bottle.  Wherefore,  if  a great  number  of  bottles  were 
used,  it  is  necessary  to  take  care  that  the  tubes  only  reach  a short 
depth  down  into  the  liquid  of  the  bottles  or  jars. 


Fig.  94. 
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£ggT  The  following  articles  were  accidentally  omitted  from  the  text  of 

the  book  : — 

ACETATE  OF  LEAS  (Sugar  of  lead,  Salt  of  Saturn ). — 

Acetate  of  lead  is  used  in  various  arts,  especially  in  dyeing  and 
in  calico  printing,  and  is  on  that  account  an  important  article  of 
commerce.  The  salt  is  generally  met  with  in  white  circular 
crystalline  lumps,  of  a sweet  and  astringent  flavour,  poisonous; 
efflorescent ; and  soluble  in  0-59  parts  of  water  at  6oo°  F.,  and  in 
8 parts  of  alcohol.  Its  aqueous  solution  is  partially  decomposed 
by  the  carbonic  acid  of  the  air,  carbonate  of  lead  being  precipitated 
and  a portion  of  acetic  acid  set  free,  which  prevents  further 
decomposition.  , /> 

The  acetate  of  lead  of  commerce  sometimes  contains  acetate  of 
calcium , the  presence  of  which  may  be  detected  by  dissolving 
a portion  of  the  sample  in  water;  passing  a stream  of  sulphuretted 
hydrogen  gas  through  the  solution,  in  order  to  precipitate  the 
whole  of  the  lead  in  the  state  of  sulphide  (black)  ; filtering,  and 
testing  the  filtrate  with  a solution  of  oxalate  of  ammonium,  which 
will  produce  a precipitate  of  oxalate  of  calcium  ; the  liquid  should 
be  warmed  and  left  at  rest  until  the  precipitate  has  well  settled, 
then  collected  on  a filter,  washed,  dried,  gently  ignited,  and  then 
treated  with  excess  of  sulphuric  acid,  whereby  it  is  converted  into 
sulphate  of  calcium.  After  ignition,  68  grains  represent  28  grains 
of  lime,  and  consequently  79  of  acetate  of  calcium. 

If,  after  saturating  the  filtrate  with  ammonia,  the  liquor  be- 
comes blue,  it  is  owing  to  the  presence  of  copper ; if  it  remains 
colourless,  but  becomes  black  by  the  further  addition  of  sulphide 
of  ammonium,  it  is  owing  to  the  presence  of  iron.  The  proportion 
of  these  impurities  is,  however,  generally  very  trifling. 

BlCARnoifATE  of  fotassium.— This  salt  is  often 
adulterated  or  mixed  with  neutral  carbonate  of  potassium  ; some- 
times, also,  it  contains  chloride  of  potassium  or  of  sodium,  or 
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sulphate  of  potassium.  If  the  quantity  of  neutral  carbonate  is  at 
all  considerable,  and  provided  chloride  of  sodium  is  absent,  a solu- 
tion of  corrosive  sublimate  (bichloride  of  mercury),  added  to  a 
moderately  concentrated  aqueous  solution  of  the  salt  under  ex- 
amination, will  produce  a brick-red  precipitate;  whilst,  if  no  neutral 
carbonate  is  present,  only  a slight  precipitate  or  turbidity  will 
appear.  Moreover,  considering  that  bicarbonate  of  potassium  pro- 
duces no  precipitate  in  solutions  of  salts  of  magnesium,  whilst  the 
neutral  carbonate  does  produce  one,  the  presence  of  the  latter 
substance  may  be  readily  detected  by  dissolving  a portion  of  the 
sample  in  water  and  testing  the  liquor  with  a solution  of  sulphate 
of  magnesium,  which,  if  a precipitate  be  formed,  is  carbonate  of 
magnesium,  and  is  due  to  the  presence  of  neutral  carbonate  of 
potassium. 

Bicarbonate  of  potassium  is  not  deliquescent,  except  when  it 
contains  a portion  of  the  neutral  carbonate  of  the  same  base. 

If  a portion  of  the  sample,  being  dissolved  in  water  and  super- 
saturated with  pure  nitric  acid,  produces  when  tested  by  a solution 
of  nitrate  of  silver  a white  curdy  precipitate  soluble  in  excess  of 
ammonia,  it  is  chloride  of  silver,  and  of  course  proves  the  presence 
of  a soluble  chloride.  The  chloride  of  silver  may  be  collected  on 
a small  filter,  washed,  dried,  and  fused  in  a porcelain  crucible,. and 
then  weighed.  1 43*5  of  chloride  of  silver  = 75-5  of  chloride  of 
potassium,  or  1 equivalent  of  any  other  chloride. 

If  sulphate  of  potassium  (or  of  sodium)  is  present,  it  may  be 
detected  by  pouring  into  the  solution  of  the  sample,  acidified  with 
pure  nitric  acid,  some  solution  of  nitrate  of  barium,  which,  if  it 
produces  a white  precipitate  insoluble  in  water  and  in  acids,  is 
sulphate  of  barium,  and  indicates  that  the  sample  contains  a 
soluble  sulphate.  116-5  °f  sulphate  of  barium  = 87  of  sulphate  of 
potassium,  72  of  sulphate  of  sodium,  or  1 equivalent  of  any  other 
soluble  sulphate. 

Bicarbonate  of  potassium  being  entirely  soluble  in  water,  all 
that  which  may  remain  insoluble  is  impurity. 

BIXOXA1ATE  OF  POTASSIUM  (Salt  of  Sorrel). — 

This  salt  is  obtained  from  the  acid  juice  of  certain  plants  ( Oxnlis 
acetoselln,  Oxalis  erniculnta,  Rumex  ncetosa,  Szc.),  and  is  manu- 
factured on  a large  scale  in  Switzerland  and  certain  parts  of  Ger- 
many. The  salt  has  an  acid  taste,  and  when  ignited  it  emits 
very  pungent  acid  fumes,  but  is  not  charred.  The  binoxalate  of 
potassium  of  commerce  is  sometimes  falsified  with  cream  of  tartar, 
and  sometimes  also  with  bisulphate  of  potassium.  The  presence 
of  cream  of  tartar  (acid  tartrate  of  potassium),  or  in  fact  ot  any 
other  organic  substance,  is  recognised  by  the  peculiar  odour  ol 
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burning  bread  which  is  emitted  when  the  salt  is  ignited  in  a 
platinum  crucible,  pure  binoxalate  of  potassium  emitting  when 
thus  heated  only  white  and  acid  fumes,  but  not  being  charred. 
There  remains  after  ignition  a grejish  residue,  which  is  carbonate 
of  potassium.  Cream  of  tartar  may  also  be  detected  by  boiling  a 
portion  of  the  binoxalate  of  potassium  under  examination  with 
concentrated  sulphuric  acid,  by  which  it  is  decomposed  and  dis- 
solved, a rapid  disengagement  of  carbonic  acid  and  carbonic  oxide 
gas  taking  place  at  the  same  time,  the  solution,  however,  remain- 
ing colourless  if  the  salt  be  pure ; but  if,  on  the  contrary,  after 
boiling  the  suspected  salt  for  some  time,  the  liquor  turns  brown, 
then  it  is  a proof  that  tartaric  acid  or  organic  matter  is  present. 
The  presence  of  bisulphate  of  potassium  is  detected  by  dissolving 
a portion  of  the  salt  in  pure  water,  and  testing  with  solution  of 
chloride  of  barium,  which  will  produce  a precipitate  insoluble  in 
water  and  in  acids. 
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THE  FOLLOWING  TABLES  WILL  BE  FOUND  USEFUL  FOR 
REFERENCE  : — 

Table  I. 


French  Measures  of  Surface,  with  their  English  Equivalents. 


+ 

In  English 
Square  Feet 

In  English 
Square  Yards 

In  English 
Acres 

= 43560  Square 
Feet 

Centiare,  or  Square  Metre 

10764299 

1-196033 

0'000247I 

Are,  or  100  Square  Metres 
Hectare,  or  10,000  Square 
Metres  . 

1076-429934 

119-604326 

0-0247144 

107642-993418 

11960-332602 

2-4711431 

i square  inch  = 6 "45 13669  square  centimetres  ; 
1 square  yard  = 0 83609715  square  metres  ; 

1 square  foot  = 9-2899683  square  decimetres  ; 

1 acre  = o ’40467102  hectare. 


Table  II. 


French  Measures  of  Weight , with  their  English  Equivalents. 


In  English 
Grains 

In  Troy 
Ounces 
= 480  Grs. 

In  Avoirdu- 
pois Pounds- 
= 7000  Grs. 

In  Owts. 
= 112  lbs. 
= 784.000 
Grains 

Tons 
= 20  Cwt. 
=15X80,000 
Grains 

Milligramme 

Centigramme 

Decigramme 

Cramme 

Dekagramme 

Hectogramme 

Kilogramme  . 

Myriogramme 

0-01543 
o-i5432 
T’5423 
15-43235 
I54-32340 
1543 -23488 
1 5432  "3488° 
r54323 '48800 

0-000032 
0 000322 
0-003215 
0-032151 
0-321507 

3 -215073 

32-150727 

321-507267 

O '0000022 

0 0000220 
0 0002205 
0-0022046 
0 0220462 
0-2204621 
2.2046213 
22-0462126 

0 *0000000 
0*0000002 
0 *0000020 
0*0000197 
0*0001968 
0*0019684 
0*0196841 
0*1968412 

0.000000001 : 
0*00000001 
0*0000001 
0*0000010 
0*0000098 
0*0000984 
0*0009842 
0*0098421 

1 grain  =0.064799  gramme  ; 1 troy  ounce  = 3i -103496  grammes  ; 
1 lb.  avoir.  = 0.453495  kilograms  ; 1 cwt.  = 50-802377  kilograms. 
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Table  III. 


French  Measures  of  Capacity,  with  their  English  Equivalents. 


In  Cubic 
Inches 

In  Cubic 
Feet 
= 1728 
Cubic  Ins. 

In  Pints 
= 3465923 
Cubic  Ins. 

In  Gallons 
= 8 Pints 
= 277-27384 
Cubic  Ins. 

In  Bushels 
= 8 Galls. 

= 2218-19078 
Cubic  Ins. 

Millilitre,  or  Cubic 
Centimetre  . . 

0 "06103 

0*00003=; 

0-00176 

0-0002201 

0*0000275 

Centilitre,  or  10 
Cubic  Centimetres 

o'6io27 

0-000353 

0-01768 

0*00220X0 

0. 0002751 

Decilitre,  or  100 

Cubic  Cer.tim6tres 

6-10271 

0-003532 

0-17601 

0*0220097 

0-0028512 

Litre,  or  Cubic  Deci- 

metre  .... 

61-20705 

0-35317 

1-76077 

0*2200967 

0-02751208 

Decalitre,  or  Centis- 
tdre 

610-27052 

0-353166 

17-60773 

2-2009688 

1 

0*27512085 

Hectolitre,  or  Decis- 

tbre  . . . . - 

6102-70515 

3 '53x658 

176-07734 

22-0096677 

2-7512085 

Kilolitre,  or  Cubic 

Metre  .... 

61027-05152 

35-316581 

1760-77341 

220  "OQ667X7 

27-5120846 

Myrcolitre,  or  De- 

castere  . . . . 

610270-51519 

353-165807 

17607-73414 

I2200  -9667675 

275-1208459 

i cubic  inch=  16-386176  cubic  centimetres;  i cubic  foot=  28. 31531-2  cubic 
decimetres  ; 1 trail  on  = 4 '543358  litres. 

A litre  of  distilled  water  weighs  1 kilogramme  ; a cubic  centimetre  of  water 
weighs  1 gramme. 


Table  IV. 


French  Measures  of  Length,  with  their  English  Equivalents. 


In  Enelish 
Inches 

In  English 
Feet 

In  English 
Yards 

In  English 
Miles 

Millimetre 

0-03937 

0-003281 

0-0010936 

0.0000006 

Centimetre  . 

• 0-39371 

0-032809 

0-0100-464 

0-0000062 

Decimetre 

3 '93708 

0-328099 

o'io93633 

0-0000621 

Metre  . . . 

39.37079 

3-280890 

1 '°93634i 

0-0006214 

DekamMre  . 

39370790 

32-808992 

’93633 10 

0-0062138 

Hectometre  . 

' 3937 '07900 

328-089920 

In9 '3633 100 

0-0621482 

Kilometre 

39370  7900 

3280-899200 

1094-6441000 

0-6214824 

Mvriomktre  . 

393707  '9000 

32808-992000  10936-3310000 

6-2138244 

1 inch  = 2 '539954  centimetres ; x yard  = 0-9143835  metre  ; 

1 foot  = 3 ’0479449  decimetres  ; 1 mi  10  = 1-6093149  kilometre. 


Comparison  of  Thermometric  Scales.  — The  interval  between  the 
melting-point  of  ice  and  the  boiling-point  of  water  has  in  different 
countries  been  differently  divided. 

In  England,  Fahrenheit’s  division  into  1800  is  principally  em- 
ployed ; the  zero  or  o°  upon  this  scale  being  32  of  these  degrees  below 
the  freezing-point  of  water.  In  France  and  on  the  Continent  generally, 
the  Centigrade  division  prevails;  the  interval  between  the  freezing 
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and  boiling-points  being  subdivided  into  100°,  the  degrees  being 
•counted  upwards  and  downwards  from  the  freezing-point,  which  is 
reckoned  o°  ; the  lower  temperatures  being  indicated  by  the  prefix  of  the 
negative  algebraic  sign.  Reaumur,  whose  division  is  still  used  in 
Germany  and  Russia,  divided  the  same  interval  into  8o°,  making  his 
zero  at  the  freezing-point  of  water. 

The  conversion  of  degrees  upon  one  scale  into  those  of  another 
is  easily  etfected  by  the  use  of  the  following  formula  : — 

Fahrenheit  to  Centigrade  (R.°  - 32)  = C.° 

9 

Example : 

2120  E.  — 32=  180;  180  x 5 = 900,  and  900  + 9 = 100°  C. 

\ ' V 

v Centigrade  to  Fahrenheit  — C.°  + 32  = E.° 

5 

Example : 

ioo0  C.  x 9 = 900;  900  + 5 = 180,  and  180+32  = 212°  E. 

Reaumur  to  Fahrenheit  - R°.  + 32  = E.° 

4 

Example : 

8o°  R.  x 9 = 720;  720  + 4=  180,  and  180  + 32  = 212°  E. 

Fahrenheit  to  Reaumur  - (F.°-  32)  = R.° 

Example : 

212°  E.  -32=180;  1S0  x 4=  720,  and  720  + 9 = 8o°  R. 
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Humber  s New  Work  on  Water-Supply. 

A COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Author  of  “Cast  and  Wrought  Iron 
Bridge  Construction,”  &c.,  &c.  Imp.  4to.  Illustrated  with  50 
Double  Plates,  1 Single  Plate,  Coloured  F rontispiece,  and  upwards 
of  250  Woodcuts,  and  containing  400  pages  of  Text,  elegantly  and 
substantially  half-bound  in  morocco.  61.  6s. 

List  of  Contents : — 

I.  Historical  Sketch  of  some  of  the  means  that  have  been  adopted  for  the  Supply 
of  Water  to  Cities  and  Towns. — II.  Water  and  the  Foreign  Matter  usually  asso- 
ciated with  it. — III.  Rainfall  and  Evaporation. — IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — V.  Measurement  and  Estimation  of  the 
Flow  of  Water. — VI.  On  the  Selection  of  the  Source  of  Supply. — VII.  Wells. — 
VIII.  Reservoirs. — IX.  The  Purification  of  Water. — X.  Pumps. — XL  Pumping 
Machinery. — XII.  Conduits. — XIII.  Distribution  of  Water. — XIV.  Meters,  Ser- 
vice Pipes,  and  House  Fittings. — XV.  The  Law  and  Economy  of  Water  Works. — 
XVI.  Constant  and  Intermittent  Supply. — XVII.  Description  of  Plates.— Appen- 
dices, giving  Tables  of  Rates  of  Supply,  Velocities,  &c.  &c.,  together  with 
Specifications  of  several  Works  illustrated,  among  which  will  be  found  : — Aberdeen, 
Uideford,  Canterbury,  Dundee,  Halifax,  Lambeth,  Rotherham,  Dublin,  and  others. 

OPINIONS  OF  THE  PRESS. 

“ The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language.” — Engineer  (first  notice). 

“ Mr.  Humber’s  work  is  characterised  almost  throughout  by  an  exhaustiveness 
much  more  distinctive  of  French  and  German  than  of  English  technical  treatises.” — 
Engineer  (third  notice). 

“We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an 
amount  of  information  on  a subject  so  important  as  the  water  supply  of  cities  and 
towns.  The  plates,  fifty  in  number,  are  mostly  drawings  of  executed  works,  and 
alone  would  have  commanded  the  attention  of  every  engineer  whose  practice  may  lie 
in  this  branch  of  the  profession  " — Builder. 
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Tramivays  and  their  Working. 

TRAMWAYS  : their  CONSTRUCTION  and  WORKING. 
Containing  a Comprehensive  History  of  the  System  ; an  exhaus- 
tive Analysis  of  the  Various  Modes  of  Traction,  including  Horse 
Power,  Steam,  Pleated  Water,  and  Compressed  Air ; a Description 
of  the  varieties  of  Rolling  Stock  ; and  ample  Details  of  Cost  and 
Working  Expenses,  with  Special  Reference  to  the  Tramways  of  the 
United  Kingdom.  By  D.  Kinnear  Clark,  M.  I.  C.  E.,  Author 
of  ‘ Railway  Machinery,’  &c.,  in  one  vol.  8vo,  with  numerous  illus- 
trations and  thirteen  folding  plates,  1 8v.  cloth.  [Just published. 

“ All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned 
to  the  author’s  work  ‘ Railway  Machinery/  but  the  more  moderate  dimensions  of 
‘Tramways’  will  place  it  within  the  means  of  every  individual,  instead  of  limiting 
its  purchase  to  institutions  or  to  those  having  a large  practice.” — The  Engineer. 

“ Mr.  Clark’s  book  is  indispensable  for  the  students  of  the  subject.” — The  Builder. 

“ An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this 
kind  of  locomotion,  and  a description  and  cost  of  the  various  modes  of  laying  tram- 
ways, are  to  be  found.  . . . The  other  parts  of  Mr.  Clark's  valuable  treatise  relating 
to  cost  and  expenditure,  and  tramway  cars,  are  handled  in  the  same  thorough 
manner." — Building  News. 

Iron  and  Steel. 

‘IRON  AND  STEEL’:  a Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Ready,  Useful,  and  Trustworthy 
Information  for  Ironmasters  and  their  Stocktakers ; Managers  of 
Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills ; Iron  and  Metal 
Founders  ; Iron  Ship  and  Bridge  Builders  ; Mechanical,  Mining, 
and  Consulting  Engineers  ; Architects,  Contractors,  Builders,  and 
Professional  Draughtsmen.  By  Charles  Hoare,  Author  of 
‘The  Slide  Rule,’  &c.  Eighth  Edition.  Revised  throughout  and 
considerably  enlarged.  With  folding  Scales  of  “Foreign  Mea- 
sures compared  with  the  English  Foot,”  and  “fixed  Scales  of 
Squares,  Cubes,  and  Roots,  Areas,  Decimal  Equivalents,  &c.” 
Oblong,  32mo,  leather  elastic-band,  6a 
“ For  comprehensiveness  the  book  has  not  its  equal.” — Iron. 

“ One  of  the  best  of  the  pocket  books,  and  a useful  companion  in  other  branches  of 
work  than  iron  and  steel.” — English  Mechanic. 

“ We  cordially  recommend  this  book  to  those  engaged  in  considering  the  details 
of  all  kinds  of  iron  and  steel  works.” — Naval  Science. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.  A Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dobson,  Assoc.  Inst.  C.E.,  Author  of 
“The  Art  of  Building,”  &c.  With  numerous  Plates  and  Wood 
Engravings.  Crown  8vo,  ioj.  6d.  cloth. 

“A  most  useful  handbook  to  engineering  pioneers.” — Iron. 

“The  author’s  experience  has  been  turned  to  good  account,  and  the  book  is  likely 
to  be  of  considerable  service  to  pioneer  engineers. "—Building  News. 


Strains. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK  ; 
with  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds, 
M.  Inst.  C.E.  Second  Edition,  with  5 plates.  Royal  8vo,  5J-  cloth. 
“The  student  cannot  find  a better  little  book  on  this  subject  than  that  written  by 
Mr,  Sheilds,” — I he  Engineer. 
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Metallurgy  of  Iron. 

A TREATISE  ON  THE  METALLURGY  OF  IRON  : con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.  S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Fourth 
Edition,  revised  and  much  enlarged.  i2mo,  cloth  boards,  5-r. 

“ Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 
points,  while  all  material  matters  are  very  fully  and  thoroughly  entered  into.” — 
Standard. 

Sanitary  Work. 

SANITARY  WORK  IN  TPIE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising  : — i.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ; 2.  Drainage ; 3.  Water 
Supply.  A useful  book  for  Members  of  Local  Boards  and  Rural 
Sanitary  Authorities,  Plealth  Officers,  Engineers,  Surveyors, 
Builders,  and  Contractors.  By  Charles  Slagg,  Assoc.  Inst.  C.E. 
Crown  8vo,  y.  cloth. 

“This  is  a very  useful  book,  and  may  be  safely  recommended The  author 

Mr.  Charles  Slagg,  has  had  practical  experience  in  the  works  of  which  he  treats. 
There  is  a great  deal  of  work  required  to  be  done  in  the  smaller  towns  and  villages, 
and  this  little  volume  will  help  those  who  are  willing  to  do  it.” — Builder. 

Steam  Engine. 

TEXT-BOOK  ON  TPIE  STEAM  ENGINE.  By  T.  M. 
Goodeve,  M.A.,  Barrister-at-Law,  Author  of  “The  Principles 
of  Mechanics,”  “The  Elements  of  Mechanism,”  &c.  Second 
Edition.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth. 

“ Professor  Goodeve  has  given  us  a treatise  on  the  steam  engine,  which  will  bear 
comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no 
higher  praise." — Engineer. 

“ Mr.  Goodeve’s  text-book  is  a work  of  which  every  young  engineer  should  pos- 
sess himself.” — Mining  Journal. 

Locomotives. 

LOCOMOTIVE  ENGINES,  A Rudimentary  Treatise  on.  Com- 
prising an  Plistorical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  G.  D.  Dempsey,  C.E.  With  large  additions  treat- 
ing of  the  Modern  Locomotive,  by  D.  ICinnear  Clark,  C.E., 
M.I.C.E.,  Author  of  “Tramways,  their  Construction  and  Working,” 
&c.,  &c.  With  numerous  Illustrations.  121110.  3^.  6 d.  cloth  boards. 

[Just  published. 

“The  student  cannot  fail  lo  profit  largely  by  adopting  this  as  his  preliminary  text- 
book.”— Iron  and  Coal  Trades  Review. 

“ Seems  a model  of  what  an  elementary  technical  book  should  be.  The  book  will 
be  useful  to  all  young  engineers.” — Academy. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able, an  Elementary  Treatise  on.  Being  an  Extension  of  Mr. 
John  Sewell’s  Treatise  on  Steam.  By  D.  ICinnear  Clark* 
C.E.,  M.I.C.E.,  Author  of  “Railway  Locomotives,”  &c.  Second 
Edition  Revised.  With  Illustrations.  i2mo,  4^.  cloth. 

" Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a popular 
style.” — Iron.  - r 
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Fuels. 

FUEL,  its  Combustion  and  Economy  ; consisting  of  an  Abridg- 
ment of  “A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke.”  By  C.  W.  Williams,  A.I.C.E.  With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel — Coal  Coke,  Wood,  Peat,  Petroleum,  &c.  ; by  D.  Kin- 
near  Clark,  C.E.,  M.I.C.E.  With  numerous  Illustrations. 
l2mo.  5-r.  cloth  boards.  [Jus l published. 

“ Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satis- 
factory treatises  on  the  combustion  and  economy  of  fuel  to  be  had.” — Engineer. 

“ The  book  is  a valuable  one,  and  will  be  found  of  great  interest  to  Gas  Engineers 
and  Managers.” — Gas  Trade  Circular. 

Roads  and  Streets. 

TPIE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
PIenry  Law,  C.E.  Revised  and  Condensed  by  D.  Kinnear 
Clark,  C.E. — II.  Recent  Practice  in  the  Construction  of  Roads 
and  Streets  : including  Pavements  of  Stone,  Wood,  and  Asphalte. 
By  D.  Kinnear  Clark,  C. E.,  M.I.C.E.  With  numerous 
Illustrations.  l2mo,  5-r.  cloth. 

“ A book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will 
be  of  considerable  service  to  architects,  builders,  and  property  owners  generally.” — 
Building  News. 

“ To  highway  and  town  surveyors  this  book  will  have  the  utmost  value,  and  as  con- 
taining the  largest  amount  of  information  in  the  shortest  space  and  at  the  lowest  price, 
we  may  predict  for  it  a wide  circulation.” — Journal  of  Gas  Lighting. 

Steam  Boilers. 

A TREATISE  ON  STEAM  BOILERS  : their  Strength,  Con- 
struction, and  Economical  Working.  By  R.  Wilson,  C.E. 
Fifth  Edition.  i2mo,6j.  cloth. 

“ The  best  work  on  boilers  which  has  come  under  our  notice.” — Engineering. 
‘‘The  best  treatise  that  has  ever  been  published  on  steam  boilers.” — Engineer. 


Practical  Tunnelling. 

PRACTICAL  TUNNELLING:  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub- Excavating,  Timbering, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  Frederick  Walter  Simms,  M.  Inst.  C.E.,  author 
of  “A  Treatise  on  Levelling.”  Third  Edition,  Revised  and  Ex- 
tended. By  D.  Kinnear  Clark,  M.  Inst.  C.E.  Imp.  Svo,  with 
21  Folding  Plates  and  numerous  Wood  Engravings,  30J.  cloth. 

« Mr.  Clark’s  additional  chapters  on  the  Mont  Cenis  and  St.  Gothard  Tunnels  contain 
minute  and  valuable  experiences  and  data  relating  to  the  method  of  excavation  by 
compressed  air,  the  heading  operations,  rock-boring  machinery,  process  of  enlarge- 
ment, ventilation  in  course  of  construction  by  compressed  air,  labour  and  cost,  ecc. 


— Building  News. 

“ The  estimation  in  which  Mr.  Simms’  book  on  tunnelling  has  been  held  for  over 
thirty  years  cannot  be  more  truly  expressed  than  in  the  words  of  the  late  Professor 
Rankine  ‘ The  best  source  of  information  on  the  subject  of  tunnels  is  Mr.  F.  W. 
Simms’  work  on  “Practical  Tunnelling.”’ — The  Architect, 
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L ocomotive-Eng  ine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ; a Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  Member  of  the  Society  of  Engineers,  formerly  Loco- 
motive Inspector  L.  B.  and  S.  C.  R.  Fourth  Edition,  greatly 
enlarged.  Comprising  A KEY  TO  THE  LOCOMOTIVE 
ENGINE.  With  Illustrations  and  Portrait  of  Author.  Crown 
8vo,  4l  6d.  cloth. 

“ Mr.  Reynolds  deserves  the  title  of  the  engine  driver’s  friend.” — Railway  News. 

“ Mr.  Reynolds  has  supplied  a want,  and  has  supplied  it  well.  We  can  confidently 
recommend  the  book  not  only  to  the  practical  driver,  but  to  every  one  who  takes  an 
interest  in  the  performance  of  locomotive  engines.” — The  Engineer. 

“ Mr.  Reynolds  has  opened  a new  chapter  in  the  literature  of  the  day.  This 
admirable  practical  treatise,  of  the  practical  utility  of  which  we  have  to  speak  in 
terms  of  warm  commendation.” — Athenaeum. 

The  Engineer , Fireman , and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
AND  ENGINE-BOY  : comprising  a Plistorical  Notice  of  the 
Pioneer  Locomotive  Engines  and  their  Inventors,  with  a project 
for  the  establishment  of  Certificates  of  Qualification  in  the  Running 
Service  of  Railways.  By  Michael  Reynolds,  Author  of 
“ Locomotive- Engine  Driving.”  With  numerous  Illustrations, 
and  a fine  Portrait  of  George  Stephenson,  “the  Father  of  Rail- 
ways.” Crown  8vo.  4 s.  6d.  cloth.  \jfust  published. 

Levelling. 

A TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ; with  Mr. 
Telford’s  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law’s  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine’s  Field  Practice  of  Laying 
out  Circular  Curves.  With  7 Plates  and  numerous  Woodcuts.  8vo, 
8 s.  6d.  cloth.  %*  Trautwine  on  Curves,  separate,  5r. 

“One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 
scarcely  a question  connected  with  levelling  for  which  a solution  would  be  sought  but 
that  would  be  satisfactorily  answered  by  consulting  the  volume.” — Mining  Journal. 

“ The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges.”— 
Engineer. 

The  TIigh-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ; an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst.  C.E.,  &c.,  &c.  With  28  fine  Plates, 
8vo,  i6j.  6d.  cloth. 

“ A work  like  this,  which  goes  thoroughly  into  the  examination  of  the  high-pressure 
engine,  the  boiler,  and  its  appendages,  &c.,  is  exceedingly  useful,  and  deserves  a place 
in  every  scientific  library.” — Steam  Shipping  Chronicle. 
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Slate  and  Slate  Quarrying . 

A TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.  G.S., 
Mining  Engineer,  &c.  With  numerous  Illustrations  and  Folding 
Plates.  Crown  8vo,  6r.  cloth. 

A useful  and  practical  hand-book  on  an  important  industry.” — Rngineeriiig. 
There  is  no  other  book  which  contains  so  much  information  concerning  the  pro- 
cedure observed  in  taking  quarries,  the  processes  employed  in  working  them,  and 
such  full  statistics  of  the  present  and  past  position  of  the  great  slate  trade  of 
Wales.  The  A rchitect 

Metalliferous  Mining. 

A TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  author  of  “A  Treatise  on 
Slate  and  Slate  Quarrying.”  Illustrated  with  numerous  wood  en- 
gravings, crown  Svo.  [In  preparation. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers:  With  New  Formulm,  Tables,  and  General 

Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville, 
Civil  Engineer,  M.R.I.A.  Third  Edition,  carefully  revised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  8vo,  14L  cloth. 

“Undoubtedly  an  exceedingly  useful  and  elaborate  compilation.” — Iron. 

“ Alike  valuable  to  students  and  engineers  in  practice.” — Mining  Journal. 

Strength  of  Cast  Iron , &c. 

A PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  Thomas  Tredgold,  M.I.C.E., 
Author  of  “ Elementary  Principles  of  Carpentry.”  Fifth  Edition, 
Edited  by  E.  Hodgkinson,  F.R.  S.  With  9 Engravings  and 
numerous  Woodcuts.  8vo,  12 s.  cloth. 

Mining , Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER’S  COM- 
PLETE  GUIDE,  comprising  a Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables  ; and  Descriptions  of  Im- 
proved Instruments  ; also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  ITome  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  William  Lintern,  Mining  and  Civil 
Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c.,  i2mo,  4.1.  cloth. 
“ Contains  much  valuable  information  given  in  a small  compass,  and  which,  as  far 
as  we  have  tested  it,  is  thoroughly  trustworthy.” — Iron  and  Coal  Trades  Reviesu. 

*i*  The  above,  bound  with  Thoman’s  Tables.  (See  page  21.) 
Price  7 s.  6d.  cloth. 

Common  Sense  for  Gas-Users. 

COMMON  SENSE  FOR  GAS-USERS  : a Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects, 
Engineers,  &c.,  See.  By  Robert  Wilson,  C.E.,  Author  of  “A 
Treatise  on  Steam  Boilers.”  Second  Edition.  Crown  Svo,  sewed, 
with  Folding  Plates  and  Wood  Engravings,  2s.  6d. 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING : a Rudimentary  Treatise  on.  By 
Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown.  New  edition,  revised  and  corrected. 
i2mo,  with  numerous  Illustrations,  4 s.  cloth  boards. 

“ Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a very 
large  number  of  readers.” — Mining  Journal. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  So  feet.  By  Joseph  Broadbent,  C.  E.,  and  Francis 
Campin,  C.E.  Cr.  8vo,  oblong,  5^.  cloth. 

“The  way  in  which  accuracy  is  attained,  by  a simple  division  of  each  cross 
section  into  three  elements,  two  of  which  are  constant  and  one  variable,  is  in- 
genious.”— A thenceum. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut.-Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  Captain  Charles  Warren,  R.E.  With 
19  Plates  and  1 1 5 Woodcuts,  royal  8vo,  1 6s.  cloth. 

Eire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a Plistory  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ; Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ; Statistics  of  the  Fire  Appliances  in  English 
Towns  ; Foreign  Fire  Systems  ; Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  ll.  4^.  cloth. 

“ We  can  most  heartily  commend  this  book.” — Engineering. 

“ We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-brigades.” — Mechanics'  Magazine. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
i2mo,  3-r.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  6s.  Together,  9 s.  cloth  boards. 

“ Students  in  the  Science  of  Mining,  and  Overmen,  Captains,  Managers,  and 
Viewers  may  gain  practical  knowledge  and  useful  hints  by  the  study  of  Mr. 
Morgans’  Manual." — Colliery  Guardian. 

“ A very  valuable  work,  which  will  tend  materially  to  improve  our  mining  litera- 
Milling  ’Journal , 
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Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Plydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  PIaskoll,  C.E.  Numerous  folding  Plates.  Demy  8vo,  2 
vols.  in  one,  cloth  boards,  i /.  5 s.  (published  at  2/.  4^.) 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.  By  Samuel  Hughes, 
C.E.  New  and  enlarged  edition,  i2mo,  4 s.  6 d.  cloth. 

“ One  of  the  most  convenient,  and  at  the  same  time  reliable  works  on  a subject, 
the  vital  importance  of  which  cannot  be  over-estimated.” — Bradford  Observer. 

Steam. 

TPIE  SAFE  USE  OF  STEAM  : containing  Rules  for  Unpro- 
fessional Steam  Users.  By  an  Engineer.  4th  Edition.  Sewed,  6d. 

“ If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity.” — English  Mechanic. 

Field-Book  for  Engi7ieers. 

THE  ENGINEER’S,  MINING  SURVEYOR’S,  and  CON- 
TRACTOR’S  FIELD-BOOK.  By  W.  Davis  Haskoll,  C.E. 
Consisting  of  a Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ; Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6 inches  in  depth. 
With  numerous  wood-cuts.  Fourth  Edition,  enlarged.  Crown  8vo. 

1 2s.  cloth. 

“ The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existing  all  the  same.” — Athenteum. 

“ The  work  forms  a handsome  pocket  volume,  and  cannot  fail,  from  its  portability 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.” — Mining 
Journal. 

Earthwork , Measurement  and  Calculation  of. 

A MANUAL  on  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.  E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.  i8mo,  2 s.  6d.  cloth. 

“ As  a really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ; and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers’ contractor’s  offices.” — Artizan. 
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Bridge  Construction  in  Masonry , Timber , & Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ; consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6 pages  of  Diagrams.  Imp.  4to,  2/.  12s.  6 d.  half- 
morocco. 

“ One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  every-day  practice  of  the  railway  engineer.  ...  A work  of 
the  present  nature  by  a man  of  Mr.  Haskoll’s  experience,  must  prove  invaluable  to 
hundreds.  The  tables  of  estimates  appended  to  this  edition  will  considerably  enhance 
its  value.” — Engineering. 

Drawing  for  Engineers , &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Third  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.  i2mo,  cloth,  strongly  bound,  4J. 

“ Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A copy  of  it  should  be  kept  for  reference  in  every  drawing  office.” — Engineering. 

“ Indispensable  for  teachers  of  engineering  drawing.” — Mechanics'  Magazine. 

Oblique  Arches. 

A PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with 
Plates.  Imperial  8vo,  8j.  cloth. 

Oblique  Bridges. 

A PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.E.  Imperial  8vo,  i2j.  cloth. 

“ The  standard  text  book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck’* 
treatise  and  it  would  be  impossible  to  consult  a better.” — Engineer. 

Weales  Dictionary  of  Terms. 

A DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHAEOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fifth  Edition,  revised  and  corrected  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  “ Ure’s  Dictionaiy  of  Arts,” 
&c.  i2mo,  cloth  boards,  6j. 

“ The  best  small  technological  dictionary  in  the  language.” — Architect. 

“There  is  no  need  now  to  speak  of  the  excellence  of  this  work  ; it  received  the  ap- 
proval of  the  community  long  ago.  Edited  now  by  Mr.  Robert  Hunt,  and  published 
in  a cheap,  handy  form,  it  will  be  of  the  utmost  service  as  a book  of  reference  scarcely 
to  be  exceeded  in  value.” — Scotsman. 

“ The  absolute  accuracy  of  a work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete.”-  Alining  Journal. 
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NAVAL  ARCHITECTURE  AND 

NAVIGATION,  ETC. 

♦ 

Pocket  Book  for  N aval  A rchitcds  Shipbuilders. 

TITE  NAVAL  ARCHITECT’S  AND  SHIPBUILDER’S 
POCKET  BOOK  OF  FORMULAS,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER’S  AND  SURVEYOR’S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  Naval 
Draughtsman,  Associate  of  the  Institution  of  Naval  Architects. 
With  numerous  Diagrams,  &c.  121110,  strongly  bound  in  leather, 

with  elastic  strap  for  pocket,  1 2s.  6d.  [Just  ready. 

Grantham s Iron  Ship -Building. 

ON  IRON  SHIP-BUILDING  ; with  Practical  Examples  and 
Details.  Filth  Edition.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  also  considerably  enlarged,  i2mo,  cloth  limp. 
By  John  Grantham,  M.  Inst.  C.E.,  &c.  2/.  2s.  complete. 

“ A very  elaborate  work.  . . . It  forms  a most  valuable  addition  to  the  history 

of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  for  many  jmars,  and  whose  qualifications  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding.” — Army 
and  Navy  Gazette. 

“ Mr.  Grantham’s  work  is  of  great  interest.  . . . It  is  also  valuable  as  a record 

of  the  progress  of  iron  shipbuilding.  ...  It  will,  we  are  confident,  command  air 
extensive  circulation  among  shipbuilders  in  general.  . . . By  order  of  the  Board 

of  Admiralty,  the  work  will  form  the  text-book  on  which  the  examination  in  iron  ship- 
building of  candidates  for  promotion  in  the  dockyards  will  be  mainly  based.” — 
Engineering. 

Pocket-Book  for  Marine  Engineers. 

A POCKET  BOOK  FOR  MARINE  ENGINEERS.  Con- 
taining useful  Rules  ancl  Formulse  in  a compact  form.  By  Frank 
Proctor,  A.I.N.A.  Second  Edition,  revised  and  enlarged. 
Royal  32mo,  leather,  gilt  edges,  with  strap,  4J. 

“We  recommend  it  to  our  readers  as  going  far  to  supply  a long-felt  want.”— 
Naval  Science. 

“A  most  useful  companion  to  all  marine  engineers.” — United  Service  Gazette. 

“ Scarcely  anything  required  by  a naval  engineer  appears  to  have  been  for- 
gotten.”— Iron. 

Light-Houses. 

EUROPEAN  LIGHT-PI OUSE  SYSTEMS  ; being  a Report  of 
a Tour  of  Inspection  made  in  1873.  By  Major  George  II. 
Elliot,  Corps  of  Engineers,  U.  S.A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.  8vo,  21  s.  cluth. 

Surveying  ( Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  In  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns’  Water  Supplies,  Docks  and  Harbours  ; with  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  PIaskoll,  C.  E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  Svo,  12 s.  6 d.  cloth. 
“ A most  useful  and  well  arranged  book  for  the  aid  of  a student.’  — Builder. 

“ Of  the  utmost  practical  utility,  and  may  be  safely  recommended  to  all  students 
who  aspire  to  become  clean  and  expert  surveyors,” — Mining  Journal. 
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Storms. 

STORMS  : their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  William  Blasius.  With  Coloured  Plates  and  numerous 
Wood  Engravings.  Crown  8vo,  ioj.  6d.  cloth  boards. 

Rudimentary  Navigation . 

THE  SAILOR’S  SEA-BOOK:  a Rudimentary  Treatise  on  Navi- 
gation. Part  I.  How  to  keep  the  Log  and  Work  it  off.  Part  II. 
On  Finding  the  Latitude  and  Longitude.  By  James  Green- 
wood, B.A.  To  which  are  added,  the  Deviation  and  Error  of  the 
Compass;  Great  Circle  Sailing;  the  International  (Commercial) 
Code  of  Signals  ; the  Rule  of  the  Road  at  Sea  ; Rocket  and  Mortar- 
Apparatus  for  Saving  Life  ; the  Law  of  Storms ; and  a Brief 
Dictionary  of  Sea  Terms.  With  numerous  woodcuts  and  coloured 
plates  of  flags.  New,  thoroughly  revised  and  much  enlarged 
edition.  By  W.  H.  Rosser,  Author  of  the  “Deviation  of  the 
Compass  considered  practically,”  “The  Yachtsman’s  Handy-Book 
for  Sea  Use,”  &c.,  &c.  i2mo,  3-r.  cloth  boards.  {Just published. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ; to  which  is  prefixed  a Treatise  on 
Logarithms.  By  Henry  Law,  C.  E.  Together  with  a Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  J.  R. 
Young,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.  i2mo,  4J.  cloth  boards.  Just  published. 

Navigation  ( Practical ),  zvith  Tables. 

PRACTICAL  NAVIGATION  : consisting  of  the  Sailor’s  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ; together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  Henry  Law,  C.E.,  and  Professor 
J.  R.  Young.  Illustrated  with  numerous  Wood  Engravings  and 
Coloured  Plates.  i2mo,  Js.  strongly  half  bound  in  leather. 

Just  published. 

WEALE’S  RUDIMENTARY  SERIES. 

The  folloiving  books  in  Naval  Architecture , etc. , are  published  in  the 

above  series. 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.  By 
Robert  Kipping,  N.A.  Fourteenth  Edition.  Illustrated. 
i2mo,  2s.  6d.  cloth  boards. 

SAILS  AND  SAIL-MAKING.  Tenth  Edition,  enlarged,  with  an 
Appendix.  By  Robert  Kipping,  N.A.  Illustrated.  121110,  3^. 
cloth  boards. 

NAVAL  ARCHITECTURE.  By  James  Peake.  Fourth  Edition, 
with  Plates  and  Diagrams.  121110,  4.L  cloth  boards. 

MARINE  ENGINES,  AND  STEAM  VESSELS.  By  Roiifrt 
Murray,  C.E.  With  a Glossary  of  Technical  Terms,  and  their 
Equivalents  in  French,  German,  and  Spanish.  Seventh  Edition. 
Illustrated.  i2mo,  3^.  6d.  cloth  boards. 
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ARCHITECTURE,  &c. 

+ 

Construction. 

THE  SCIENCE  of  BUILDING  : An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A., 
Architect.  With  47  Wood  Engravings.  Demy  8vo.  Ss.  6 d.  cloth. 
“ A very  valuable  book,  which  we  strongly  recommend  to  all  students.” — Builder 
“ No  architectural  student  should  be  without  this  hand-book.” — Architect. 

Beat  outs  Pocket  Estimator. 

TPIE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a Buiiding  collectively,  more  especially  applied  to  Carpenters’ 
and  Joiners’  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  “Quantities  and 
Measurements.”  Second  Edition.  Carefully  revised.  33  Wood- 
cuts.  Leather.  Waistcoat -pocket  size.  is.  6d. 

Beat oii s Builders  and  Surveyors  Technical  Guide. 

TPIE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.  By  A.  C.  Beaton.  Second  Edit. 
With  19  Woodcuts.  Leather.  Waistcoat -pocket  size.  u.  6d. 

Villa  Architecture. 

A PIANDY  BOOK  of  VILLA  ARCHITECTURE  ; being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  “The  Spires  and  Towers  of  the  Mediaeval  Churches  of  Eng- 
land,” Ac.  31  Plates,  4to,  half  morocco,  gilt  edges,  ll.  is. 

***  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 
Specifications,  Estimates,  &c.  2I.  2 s.  half  morocco. 

“ The  whole  oi  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 
architect,  and  they  will  prove  very  valuable  and  suggestive.” — Building  News. 

House  Painting. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING  : a Practical  Manual  of.  With  9 Coloured 
Flates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 
By  Ellis  A.  Davidson,  Author  of  “Building  Construction,”  &c. 
Second  Edition,  carefully  revised.  121110,  6s.  cloth  boards. 

“ Contains  a mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical 
man -English  Mechanic. 

Wilson’s  Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ; their  Draught-power 
and  Stability,  with  a chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.,  Author  of  “Treatise  on  Steam  Boilers,”  &c.,  &c. 
Crown  8vo,  3s.  6 d.  cloth. 

“A  most  valuable  book  of  its  kind,  full  of  useful  information,  definite  in  statement 
and  thoroughly  practical  in  treatment.” — The  Local  Government  Chronicle. 
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A Book  on  Building. 

A BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S., 

Author  of  “Clocks  and  Watches  and  Bells,”  &c.  Crown  8vo, 
with  Illustrations,  7 s.  6d.  cloth. 

“ A book  which  is  always  amusing  and  nearly  always  instructive.  Sir  E.  Beckett 
will  be  read  for  the  raciness  of  his  style.  We  are  able  very  cordially  to  recommend 
all  persons  to  read  it  for  themselves.  The  style  throughout  is  in  the  highest  degree 
condensed  and  epigrammatic.”  — Times. 

“ We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
in  the  building  art.” — Builder. 

Architecture , Ancient  and  Modern. 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modern. 
Consisting  of  VITRUVIUS,  translated  by  Joseph  Gwilt, 
F.S.A.,  See.,  with  23  fine  copper  plates;  GRECIAN  Archi- 
tecture, by  the  Earl  of  Aberdeen  ; the  ORDERS  of 
Architecture,  by  W.  H.  Leeds,  Esq. ; The  STYLES  of  Archi- 
tecture of  Various  Countries,  by  T.  Talbot  Bury  ; The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  Garbett. 
In  one  volume,  half-bound  (pp.  1,100),  copiously  illustrated,  I2j. 
***  Sold  separately,  in  two  vols. , as  follozus — 

ANCIENT  ARCHITECTURE.  Containing  Gwilt’s  Vitruvius 
and  Aberdeen’s  Grecian  Architecture.  Price  6s.  half-bound. 

N.B.  — This  is  the  only  edition  of  VITRUVIUS  procurable  at  a 
7?io  dev  (it c price. 

MODERN  ARCPIITECTURE.  Containing  the  Orders,  by  Leeds  ; 
The  Styles,  by  Bury;  and  Design,  by  Garbett.  6s.  half-bound. 

The  Young  Architect's  Book. 

HINTS  T9  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  “ The  Palace  of  Architecture,”  &c.,  &c. 
New  Edition,  revised  and  enlarged.  By  G.  Huskisson  Guil- 
laume, Architect.  Numerous  illustrations.  i2mo,  cloth  boards,  4L 
“ Will  be  found  an  acquisition  to  pupils,  and  a copy  ought  to  be  considered  as 
necessary  a purchase  as  a box  of  instruments.” — Architect. 

“ Contains  a large  amount  of  information,  which  young  architects  will  do  well  to 
acquire,  if  they  wish  to  succeed  in  the  everyday  work  of  their  profession.”— English 
Mechanic. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a “ Rudimentary  Treatise  on  Per- 
spective for  Beginners.”  With  14  Plates,  4to,  7 s.  6d.  boards. 

Builder  s and  Contractor  s Price  Book. 

LOCKWOOD  & CO.’S  BUILDER’S  AND  CONTRACTOR’S 
PRICE  BOOK  for  1879,  containing  the  latest  prices  of  all  kinds 
of  Builders’  Materials  and  Labour,  and  of  all  Trades  connected 
with  Building,  &c.,  &c.  The  whole  revised  and  edited  by 
Francis  T.  W.  Miller,  Architect  and  Surveyor.  Fcap.  Svo, 
strongly  half-bound,  41-. 


io 


WORKS  IN  ARCHITECTURE,  ETC., 


Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS  ; or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  Preceded  by  a Preliminary  Essay,  and 
Skeletons  of  Specifications  and  Contracts,  &c.,  &c.  By  Professor 
Thomas  L.  Donaldson,  M.I.B.A.  With  A Review  of  the 
Law  of  Contracts.  By  W.  Cunningham  Glen,  of  the 
Middle  Temple.  With  33  Lithographic  Plates,  2 vols.,  8vo,  2/.  2s. 

“In  these  two  volumes  of  1,100  pages  (together),  forty-four  specifications  of  executed 
works  are  given,  including  the  specifications  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Charles  Barry,  and  for  the  new  Royal  Exchange,  by  Mr.  Tite,  M.P. 
Donaldson’s  Handbook  of  Specifications  must  be  bought  by  all  architects.” — Builder. 

Taylor  and  Cresys  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.A.,  and  Edward  Cresy,  Esq. 
New  Edition,  thoroughly  revised,  and  supplemented  under  the 
editorial  care  of  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Chaplain  of  Gray’s  Inn.  This  is 
the  only  book  which  gives  on  a large  scale,  and  with  the  precision 
of  architectural  measurement,  the  principal  Monuments  of  Ancient 
Rome  in  plan,  elevation,  and  detail.  Large  folio,  with  130  Plates, 
half-bound,  3/.  3.?. 

* y Originally  published  in  two  volumes,  folio,  at  18/.  i8r. 

Specifications  for  Practical  A rchitecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE  : 
A Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ; with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
Frederick  Rogers,  Architect.  With  numerous  Illustrations. 
Demy  8vo,  15J.  cloth.  (Published  at  1 /.  ior.) 

***  A volumeof  specifications  ofa  practical  character  beinggreatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above.  He  has  also  inserted  specifications  of  works 
that  have  been  erected  in  his  own  practice. 

The  House-Owner s Estimator. 

THE  IiOUSE-OWNER’S  ESTIMATOR;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A Price-Book  adapted  to  the 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  James  D.  Simon,  A.R.I.B.  A. 
Edited  and  Revised  by  Francis  T.  W.  Miller,  Surveyor.  With 
numerous  Illustrations.  Second  Edition,  with  the  prices  carefully 
corrected  to  present  time.  Crown  8vo,  cloth,  31.  6 d. 

“ In  two  years  it  will  repay  its  cost  a hundred  times  over.” — Field. 

“ A very  handy  book  for  those  who  want  to  know  what  a house  will  cost  to  build, 
alter,  or  repair.” — English  Mechanic. 

Useful  Text- Book  for  Architects. 

THE  ARCHITECT’S  GUIDE  : Being  a Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  &c.,  &c.  By  Frederick  Rogers,  Architect, 
Author  of  “Specifications  for  Practical  Architecture,”  &c.  With 
numerous  Illustrations.  Crown  8vo,  6r.  cloth. 
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CARPENTRY,  TIMBER,  MECHANICS. 

f 

Tredgold’s  Carpentry , new  and  cheaper  Edition. 
THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ; also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R. S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (11  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
1 vol.,  4to,  published  at  2/.  2s.,  reduced  to  il.  $s.  cloth. 

“ Ought  to  be  in  every  architect’s  and  every  builder’s  library,  and  those  who 
do  not  already  possess  it  ought  to  avail  themselves  of  the  new  issue.” — Builder. 

“A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author’s  principles  are  rather  confirmed  than  impaired  by 
time.  The  additional  plates  are  of  great  intrinsic  value.” — Building  News. 

Grandy  s Timber  Tables. 

THE  TIMBER  IMPORTER’S,  TIMBER  MERCHANT’S, 
and  BUILDER’S  STANDARD  GUIDE.  By  Richard  E. 
Grandy.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  &c.,  &c.  ; 
together  with  Copious  Information  for  the  Retailer  and  Builder. 
Second  Edition.  Carefully  revised  and  corrected.  i2mo,  31-.  6 d. 
cloth. 

“ Everything  it  pretends  to  be : built  up  gradually,  it  leads  one  from  a forest  to  a 
treenail,  and  throws  in,  as  a makeweight,  a host  of  material  concerning  bricks,  columns, 
cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires.” — English  Mechanic. 

“ The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  What  we  have  tested 
of  the  contents,  taken  at  random,  is  invariably  correct.” — Illustrated  Builder’s  Journal. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ; showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  William  Richardson,  Accountant. 
Second  Edition.  Oblong  4to,  3-r.  6 d.  cloth. 

“ Will  save  much  labour  and  calculation  to  packing-case  makers  and  those  who  use 
packing-cases.” — Grocer.  “ Invaluable  labour-saving  tables.” — Ironmonger. 

Nicholson  s Carpenter  s Guide. 

THE  CARPENTER’S  NEW  GUIDE ; or,  BOOK  of  LINES 
for  CARPENTERS  : comprising  all  the  Elementary  Principles 
essential  for  acquiring  a knowledge  of  Cai-pentry.  Founded  on  the 
late  Peter  Nicholson’s  standard  work.  A new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  Georq?  Fyne.  With  74  Plates,  410,  ll.  ij,  cloth. 


i8 


WORKS  ON  CARPENTRY,  TIMBER,  ETC., 


Dowsing' s Timber  Merchant' s Companion. 

THE  TIMBER  MERCHANT’S  AND  BUILDER’S  COM- 
PANION  ; containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred  ; the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  Wtlliam  Dowsing, 
Timber  Merchant.  Third  Edition,  Revised  and  Corrected.  Crown 
8vo,  y.  cloth. 

“Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it.” — Hull  Advertiser. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS’  AND  SHIPOWNERS’ 
FREIGHT  BOOK  : Being  a Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  William 
Richardson,  Timber  Broker.  Crown  8vo,  6s.  cloth. 

HortoFs  Measurer. 

THE  COMPLETE  MEASURER  ; setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.,  &c.  ; Unequal-sided,  Square-sided, 
Octagonal-sided,  Round  Timber  and  Stone,  and  Standing  Timber. 
With  just  allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hewing  the  trees, 
&c. ; also  a Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided  column.  By  Richard  Horton. 
Third  edition,  with  considerable  and  valuable  additions,  l2mo, 
strongly  bound  in  leather,  5 a 

“Not  only  are  the  best  methods  of  measurement  shown,  and  in  some  instances 
illustrated  by  means  of  woodcuts,  but  the  erroneous  systems  pursued  by  dishonest 
dealers  are  fully  exposed The  work  must  be  considered  to  be  a valuable  addi- 

tion to  every  gardener’s  library. — Garden. 

Superficial  Measurement. 

THE  TRADESMAN’S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  1 to  200  inches  in  length, 
by  1 to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
Engineers,  Timber  Merchants,  Builders,  &c.  By  James  Haw- 
kings. Fcp.  3J.  6 d.  cloth. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Marks  of  Wood,  Essay  on  the  Strength  of  limber, 
Remarks  on  the  Growth  of  Timber,  &c.  By  W.  RICHARDSON. 
Fcap.  8 vo,  3J.  6d.  cloth. 
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The  Mechanic  s Workshop  Companion. 

THE  OPERATIVE  MECHANIC’S  WORKSPIOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN’S  PRAC- 
TICAL ASSISTANT.  By  William  Templeton.  Twelfth 
Edition,  with  Mechanical  Tables  for  Operative  Smiths,  Millwrights, 
Engineers,  &c. ; and  an  Extensive  Table  of  Powers  and  Roots, 
Sic.,  See.  11  Plates.  i2mo,  5l  bound. 

“As  a text-book  in  which  mechanical  and  commercial  demands  are  judiciously  met 
T em r luton’s  Companion  stands  unrivalled. ” — M echanics'  II agazine. 

“ Admirably  adapted  to  the  wants  of  a very  large  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ; and  there  are  a great  many 
men  who,  in  a great  measure,  owe  their  rise  in  life  to  this  little  work.  ” — Building  News. 

Engineer  s Assistant. 

THE  ENGINEER’S,  MILLWRIGHT’S,  and  MACHINIST’S 
PRACTICAL  ASSISTANT  ; comprising  a Collection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  William  Templeton.  6th  Edition.  i8mo,  2 s.  6 d. 
cloth. 

“ So  much  varied  information  compressed  into  so  small  a space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers.’’ — Mechanics'  Magazine. 

“A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not 
possibly  be  made.” — Building  News. 

Designing , Measuring , and  Valuing. 

THE  STUDENT’S  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS’  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts.  Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments. By  E.  Wyndham  Tarn,  M.A.,  8vo,  ioj.  6d.  cloth. 

“ We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bell-hanging,  that  is  not  fully  treated  upon.” — The  Artisan, 
“ Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  title-page,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tam’s  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmented  its  value  to  students.” — Engineering. 

Plumbing. 

PLUMBING  ; a text-book  to  the  practice  of  the  art  or  craft  of  the 
plumber.  With  supplementary  chapters  upon  house-drainage,  em- 
bodying the  latest  improvements.  By  William  Paton  Buchan, 
Sanitary  Engineer.  i2mo,  with  300  illustrations.  35.  6d.  cloth. 

"Will  be  welcomed  as  the  work  of  a practical  master  of  his  trade.” — Public  Health. 
“ The  chapters  on  house-drainage  may  be  usefully  consulted,  not  only  by  plumbers, 
but  also  by  engineers  and  all  engaged  or  interested  in  house-building/’ — Iron. 

“ A book  containing  a large  amount  of  practical  information,  put  together  in  a very 
intelligent  manner,  by  one  who  is  well  qualified  for  the  task.” — City  Press. 
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MATHEMATICS,  &c. 

f 

Gregory 's  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ; being  a Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
LL.D.,  F.R.  A.S.  Enlarged  by  Henry  Law,  C.E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College;  Author  of  “A  Course  of 
Mathematics,”  &c.  With  13  Plates.  Medium  Svo,  il.  is.  cloth. 

“ The  engineer  or  architect  will  here  find  ready  to  his  hand,  rules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases 
explained  by  means  of  examples,  in  which  every  step  of  the  process  is  clearly  worked 
out.” — Builder. 

‘ 1 One  of  the  most  serviceable  books  to  the  practical  mechanics  of  the  country. 

In  the  edition  just  brought  out,  the  work  has  again  been  revised  by 

Professor  Young.  He  has  modernised  the  notation  throughout,  introduced  a few 
paragraphs  here  and  there,  and  corrected  the  numerous  typographical  errors  which 
have  escaped  the  eyes  of  the  former  Editor.  The  book  is  now  as  complete  as  it  is 
possible  to  make  it.  It  is  an  instructive  book  for  the  student,  and  a Text- 
book for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refresh  his  memory  upon  them.” — Building  News. 

“ As  a standard  work  on  mathematics  it  has  not  been  excelled.” — Artizan. 

The  Metric  System. 

A SERIES  OF  METRIC  TABLES,  in  which  the  British 
.Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
Dowling,  C.  E.  Second  Edition,  revised  and  enlarged.  Svo, 
ioj.  6 d.  strongly  bound. 

“ Mr.  Dowling’s  Tables,  which  are  well  put  together,  come  just  in  time  as  a ready 
reckoner  for  the  conversion  of  one  system  into  the  other.” — Athetueum. 

“Their  accuracy  has  been  certified  by  Prof.  Airy,  Astronomer-Royal.” — Builder. 
“ Resolution  8. — That  advantage  will  be  derived  from  the  recent  publication  of 
Metric  Tables,  by  C.  H.  Dowling,  C.E.” — Report  of  Section  F,  Brit.  Assoc.,  Bath. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR;  being  a Series  of  Tables 
upon  a New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
gressive Rates,  from  1 Penny  to  168  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a single  addition  (mostly  to  be  performed  at  sight), 
will  afford  an  aggregate  of  10,266,000  Answers  ; the  whole  being 
calculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  By  Henry  ITarren,  Accountant,  Sheffield,  Author 
of  “The  Discount  Guide.”  An  entirely  New  Edition,  carefully 
revised.  Royal  Svo,  strongly  half-bound,  \l.  5J.  [7 ust published. 
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Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE  : comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  maybe  ascertained  the  exact  profit  arising  from  any  mode 
of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a Rate  of  Discount,  or  Advancing  a 
Price,  so  as  to  produce,  by  one  operation,  a sum  that  will  realise 
any  required  profit  after  allowing  one  or  more  Discounts  : to  which 
are  added  Tables  of  Profit  or  Advance  from  to  90  per  cent., 
Tables  of  Discount  from  ij  to  98!  per  cent.,  and  Tables  of  Commis- 
sion, &c.,  from  | to  10  per  cent.  By  Henry  IIarben,  Accountant, 
Author  of  “The  Weight  Calculator.”  New  Edition,  carefully  Re- 
vised and  Corrected.  Demy  8vo  (544  pp.),  half-bound, £1  5^. 

Inwood's  Tables , greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold ; Annuities,  Advowsons,  &c. , and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  corporate  bodies;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  See.,  together  with  Smart’s  FiveTables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  Inwood,  Architect.  The  20th  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  Fedor  Thoman,  of  the  Societe 
Credit  Mobilier  of  Paris.  X2mo,  8a  cloth. 

“ Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will 
find  the  present  edition  of  eminent  service.” — Engineering. 

“ ‘ Inwood’s  Tables’  still  maintain  a most  enviable  reputation.  The  new  issue  has  been 
enriched  by  large  additional  contributions  by  M.  Fedor  Thoman,  whose  carefully 
arranged  Tables  cannot  fail  to  be  of  the  utmost  utility.”  —Mining  journal. 

Geometry  for  the  Architect , Engineer , &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ; giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn, 
M.A.,  Architect,  Author  of  “ The  Science  of  Building,”  &c. 
With  164  Illustrations.  Demy  8vo.  12 s.  6 d.  cloth. 

“No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the 
clearness  of  the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satis- 
factory. ” — Scotsvian. 

Compound  Interest  and  A nnuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  P ft  dor  Thoman,  of  the  Societe  Credit  Mobilier, 
Paris.  3rd  Edition,  carefully  revised  and  corrected.  1 2mo,  4A  6r/.  cl. 

A very  powerful  work,  and  the  Author  has  a very  remarkable  command  of  his 
subject." — Professor  A.  dc  Morgan. 

“ We  recommend  it  to  the  notice  of  actuaries  and  accountants ."—Athenaum. 
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SCIENCE  AND  ART. 

• ♦ 

Dentistry. 

MECHANICAL  DENTISTRY.  A Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising' also  Useful  Formulae,  Tables,  and  Receipts  for  Gold 
Plate,  Clasps,  Solders,  etc.,  etc.  By  Charles  Hunter.  With 
numerous  Wood  Engravings.  Crown  8vo,  Js.  6d.  Cloth. 

‘‘The  work  js  very  practical.”— Monthly  Review  of  Dental  Surgery. 

“ An  authoritative  treatise Many  useful  and  practical  hints  are  scattered 

throughout  the  work,  while  its  value  as  a text  book  is  enhanced  by  numerous  illus- 
trations. We  can  strongly  recommend  Mr.  Hunter’s  treatise  to  all  students  pre- 
paring for  the  profession  of  dentistry,  as  well  as  to  every  mechanical  dentist.” — 
Dublin  Journal  qf  Medical  Science. 

Brewing. 

A HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.A.  Crown  8vo,  3 s.  6 d.  cloth. 

“A  thoroughly  scientific  treatise  in  popular  language.  It  is  evident  that  the 
author  has  mastered  his  subject  in  its  scientific  aspects.” — Morning  Advertiser. 

‘‘We  would  particularly  recommend  teachers  of  the  art  to  place  it  in  every  pupil’s 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  advantage.”— Brewer-. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ; containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3 vols.  royal  Svo,  extra 
cloth  boards,  and  lettered,  4/.  ior. 

“A  compendious  encyclopaedia  of  military  knowledge.” — Edinburgh  Review. 

“ The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences. 
— V olunteer  Service  Gazette. 

Field  Fortification. 

A TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  12s.  complete. 

Dye-  Wares  and  Colours. 

THE  MANUAL  ot  COLOURS  and  DYE-WARES  : their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J. 
W.  Slater.  Post  Svo,  7 s.  6</.  cloth. 

“ A complete  encyclopedia  of  the  materia  tinctoria.  The  Information  is  ful 
and  precise,  and  the  methods  of  determining  the  value  of  articles  liable  to  sophistica- 
tion, are  practical  as  well  as  valuable.” — Chemist  and  Druggist. 
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Text- Book  of  Electricity. 

TPIE  STUDENT’S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  Preece,  Vice-President  of  the  Society  of  Telegraph 
Engineers,  &c.  Illustrated  with  470  Illustrations.  Crown  Svo, 
1 2s.  6d.  cloth.  [Just published. 

“A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students.” — 
W.  H.  Preece,  Esq.,  vide “ Introduction.” 

“We  can  recommend  Dr.  Noad’s  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a plethoia  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable.”— A thejia  urn. 

“ An  admirable  text-book  for  every  student — beginner  or  advanced— of  electricity.” 
— E nginecring. 

“ A most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism.” — Popular 
Science  Review. 

Electricity. 

A MANUAL  of  ELECTRICITY ; including  Galvanism,  Mag- 
netism,  Diamagnetism,  Electro-Dynamics,  Magno-Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S. , 
Fourth  Edition,  with  500  Woodcuts.  Svo,  il.  4J.  cloth. 

“The  accouns  given  of  electricity  and  galvanism  are  not  only  complete  in  a scientific 
sense,  but,  which  is  a rarer  thing,  are  popular  and  interesting.” — Lancet. 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM  : being  a concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  purposes 
to  which  it  has  been  applied.  By  Sir  W.  Snow  Harris,  F.R.S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
Noad,  Ph.D.  With  165  Woodcuts.  i2mo,  cloth,  4 s. 

“ As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  write. ” — English  Mechi  flic. 

“ The  best  possible  manual  on  the  subject  of  magnetism.” — Mechanics'  Magazine. 

Chemical  A nalysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ; or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  “Prac- 
tical Introduction  to  Rose’s  Chemistry,”  and  Editor  of  Rose’s 
“ Treatise  on  Chemical  Analysis.”  Nezu  Edition.  Enlarged,  and 
to  a great  extent  re-written,  by  Henry  M.  Noad,  Ph.  D.,  F.R.S. 
With  numerous  Illustrations.  Cr.  Svo,  I2s.  6d.  cloth. 

“We  recommend  this  book  to  the  careful  perusal  of  every  one  ; it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner.”— 
Medical  Times. 

“ Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written." — Nature. 

Mollusca. 

A MANUAL  OF  THE  MOLLUSCA  ; being  a Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.  3rd  Edition.  Cr.  Svo,  7 s.  6d.  cloth. 
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Gold  and  Gold- Working. 

THE  PRACTICAL  GOLD- WORKER;  or,  The  Goldsmith’s 
and  Jeweller’s  Instructor.  The  Art  of  Alloying,  Melting,  Re- 
ducing, Colouring,  Collecting  and  Refining.  The  processes  of 
Manipulation,  Recovery  of  Waste,  Chemical  and  Physical  Pro- 
perties of  Gold,  with  a new  System  of  Mixing  its  Alloys  ; Solders, 
Enamels,  and  other  useful  Rules  and  Recipes,  &c.  By  George 
E.  Gee.  Crown  8vo,  "js . 6 d.  cloth. 

“ A good,  sound,  technical  educator,  and  will  be  generally  accepted  as  an 
authority.  It  gives  full  particulars  for  mixing  alloys  and  enamels,  is  essentiallya  book 
for  the  workshop,  and  exactly  fulfils  the  purpose  intended.” — Horological  Journal. 

“ The  best  work  yet  printed  on  its  subject  for  a reasonable  price.  We  have  no 
doubt  that  it  will  speedily  become  a standard  book  which  few  will  care  to  be  with- 
out.”— Jeweller  and  Metalworker. 

Silver  and  Silver  Working. 

THE  SILVERSMITH’S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  refining  and  melting  the  metal,  its  solders,  the 
preparation  of  imitation  alloys,  methods  of  manipulation,  preven- 
tion of  waste,  instructions  for  improving  and  finishing  the  surface 
of  the  work,  together  with  other  useful  information  and  memoranda. 
By  George  E.  Gee,  Jeweller,  & c.  Crown  8vo,  with  numerous 
illustrations,  7 s.  6d.  cloth. 

“ This  work  is  destined  to  take  up  as  good  a position  in  technical  literature  as  the 
Practical  Gold-worker , a book  which  has  passed  through  the  ordeal  of  critical  ex- 
amination and  business  tests  with  great  success.” — Jeweller  mid  Metalworker. 

Clocks , Watches , and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.  By  Sir  Edmund  Beckett,  Bart,  (late  E.  B. 
Denison),  LL.D.,  Q.C.,  F.R.  A.S.,  Author  of  “ Astronomy  with- 
out Mathematics,”  &c.  Sixth  edition,  thoroughly  revised  and 
enlarged,  with  numerous  Illustrations.  Limp  cloth  (No.  67, 
Weale’s  Series),  4s.  6 d. ; cloth  boards,  5-r.  6 d. 

“As  a popular  and  practical  treatise  it  is  uuapproached.” — English  Mechanic. 
“The  best  work  on  the  subject  probably  extant.  The  treatise  on  bells  is  un- 
doubtedly the  best  in  the  language.  To  call  it  a rudimentary  treatise  is  a misnomer, 
at  least  as  respects  clocks  and  bells.  It  is  the  most  important  work  of  its  kind  in 
English.  ”—E  ngineering. 

“The  only  modern  treatise  on  clock-making.” — Horological  Journal. 

“ This  admirable  treatise  on  clocks,  by  the  most  able  authority  on  such  a subject, 
is  completely  perfect  of  its  kind.” — Standard. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT  ; being  a Series  of  Essays  on — 1. 
Alleged  Discrepancies ; 2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ; 3.  The  Mosaic  Cosmogony ; 4.  Miracles  in 
general — Views  of  Hume  and  Powell ; 5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso  : The  Supernaturally  Impossible  ; 6.  The 
Age  of  the  Fixed  Stars — their  Distances  and  Masses.  By  Professor 
J.  R.  Young.  Fcap.  8vo,  5-r.  cloth. 

“ Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  ability,  and  by  a style  peculiarly  clear,  easy,  and  energetic.” — Nonconformist 
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DR.  LARDNER’S  POPULAR  WORKS. 

Dr.  L ar drier s Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
Dionysius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  1200  Engravings  on  Wood.  In  6 Double  Volumes. 
Price  £1  u.,  in  a new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  31J.  6d. 

‘‘The  ‘Museum  of  Science  and  Art’  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society.” — Sir  David 
Brewster  in  the  North  British  Review. 

“Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a valuable  present.” — Examiner. 

%*  Separate  books  formed  from  the  above , statable  for  Workmen' 's 
Libraries , Science  Classes,  &=c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.  233  Illustrations,  cloth  gilt,  5 s. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  ' the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.  147  Illustrations,  cloth  gilt,  2 s. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.  201  Illustrations,  cloth  gilt,  2s.  6d. 
POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c.  85  Illus- 

trations, cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.  89  Illustrations,  cloth  gilt,  2s. 
POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.  182  Illustrations,  4s.  6 d. 

THE  BEE  AND  WPIITE  ANTS  : Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation.  100  Illustrations,  cloth  gilt,  ir.  6d. 

Scientific  Class-Books , by  Dr.  Lardner. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 
328  Illustrations.  Sixth  Edition.  1 vol.  3^.  6d.  cloth. 

“ Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Lardner. 
With  190  Illustrations.  Second  Edition.  1 vol.  ^s.  6 d.  cloth. 

‘‘Clearly  written,  well  arranged,  and  excellently  illustrated.” — Gardeners'  Chronicle, 
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DR.  LARDNER’S  SCIENTIFIC  WORKS. 

A stronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  4th  Edition.  Edited 
by  Edwin  Dunkin,  F.R.S.,  Rl.  Observatory,  Greenwich.  With 
38  plates  and  upwards  of  100  Woodcuts.  Cr.  8vo,  9 s.  6 d.  cloth. 

“ Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a form.” — A thencenm. 

Animal  Physics . 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.  New  edition,  small  8vo,  cloth,  7 s.  6 d.  732  pages. 

“ We  have  no  hesitation  in  cordially  recommending  it.” — Educational  Timas. 

Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.  New  Edition.  ByE.  B. 
Bright,  F.R.A.S.  140  Illustrations.  Small  8vo,  2s.  6d.  cloth. 

‘ ‘ One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.” — Eng.  Mechanic. 

LARDNER’S  COURSE  OF  NATURAL  PHILOSOPHY. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost 
rewritten  by  Benjamin  Loewy,  F.R.A.S.  With  378  Illustra- 
tions. Post  8vo,  6s.  cloth. 

“The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  have  been  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  branches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life.” — Mining  Journal. 

Heat. 

TFIE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely 
Rewritten  by  Benjamin  Loewy,  F.R.A.S.  etc.  1 1 7 Illustra- 
tions. Post  8vo,  6j.  cloth. 

“The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 
any  cloudiness  or  lurking  doubts  behind.” — Engineering. 

Hydrostatics  and  Pneumatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewy, 
F.R.A.S.  With  236  Illustrations.  Post  8vo,  5j.  cloth. 

“ For  those  ‘ who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,’  this  work  is  not  merely  in- 
tended, but  well  adapted.” — Chemical  News. 

Electricity , Magnetism , and  Acoustics. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.  New  Edition.  Edited  by  Geo.  Carey  Foster, 
B.A.,  F.C. S.  With  400  Illustrations.  Post  8vo,  51'.  cloth. 

“ The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 
the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 
work  to  the  present  state  of  scientific  knowledge.” — Popular  Science  Review. 

Optics. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.  A.  298  Illustrations.  Post  8vo,  5-r.  cloth. 

“ Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
illustrated.  Mechanics'  Magazine. 

%*  The  above  5 Vo/s.  form  a Complete  Course  of  Natural 

Philosophy. 
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Woods  and  Marbles  (. Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  Van  der  Burg,  Directors  of  the  Rotterdam  Painting 
Institution.  Illustrated  with  24  full-size  Coloured  Plates  ; also 
12  Plain  Plates,  comprising  154  Figures.  Royal  folio,  bound, 
2/.  12 s.  6d.  [fust  published. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR’S  HANDBOOK  AND  DIC- 
TIONARY OF  PAINTERS  : being  a Guide  for  Visitors  to 
Public  and  Private  Picture  Galleries,  and  for  Art-Students,  in- 
cluding an  explanation  of  the  various  methods  of  Painting  ; In- 
structions for  Cleaning,  Re-Lining,  and  Restoring  Oil  Paintings  ; 
A Glossary  of  Terms;  an  Historical  Sketch  of  the  Principal  Schools 
of  Painting  ; and  a Dictionary  of  Painters,  giving  the  Copyists 
and  Imitators  of  each  Master.  By  Philippe  Daryl,  B.A.  Crown 
8vo,  3 s.  6 d.  cloth. 

“ The  bulk  of  the  book  is  occupied  by  a dictionary  of  painters  which,  considering 
its  small  compass,  is  really  admirable  ; the  utility  of  a table  of  dates  of  painters  in  so 
portable  a form  is  unquestionable.  We  cordially  recommend  the  book.” — Builder. 

“ Useful  as  bringing  together  in  a compendious  form  an  almost  complete  bio- 
graphical stock  of  information  respecting  the  painters  of  the  world.” — Mayfair. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Gullick, 
Painter,  and  John  Times,  F.  S.A.  Fourth  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  small  8vo,  6s.  cloth. 

*„*  This  Work  has  been  adopted  as  a Prize-book  in  the  Schools  of 
Art  at  South  Kensington. 

"Contains  a large  amount  of  original  matter,  agreeably  conveyed.” — Builder. 

“ Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
from  the  careful  perusal  of  this  unpretending  but  comprehensive  treatise.  ” — A rt  Journal. 

Grammar  of  Colouring. 

A GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  edition,  en- 
larged and  adapted  to  the  use  of  the  Ornamental  Painter  and 
Designer,  by  Ellis  A.  Davidson.  With  new  Coloured  Diagrams 
and  numerous  Engravings  on  Wood.  i2mo,  3-r.  6d.  cloth  boards. 

“ The  book  is  a most  useful  resit  nil  of  the  properties  of  pigments.” — Builder. 

“ One  of  the  most  useful  of  students’  books,  and  probably  the  best  known  of  the 
few  we  have  on  the  subject.” — Architect. 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A Lady.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  is.  6 d. 

“ The  handicraft  of  the  wood-carver,  so  well  as  a book  can  impart  it,  may  be  learnt 
rom  ‘ A Lady’s  ’ publication.” — A thenceum. 

Letter  Painting. 

THE  ART  of'  LETTER  PAINTING  MADE  EASV.  By 
James  Greig  Badenoch.  Illustrated  with  Twelve  full  page 
Engravings  of  Examples,  &c.  i2mo.  if.  cloth.  \Just published 
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Delamotte  s Works  on  Illumination  & A Iphabets. 

A PRIMER  OF  THE  ART  OF  ILLUMINATION  ; for  the 
use  of  Beginners  : with  a Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.  Small  4to,  gs.  Elegantly  bound,  cloth  antique. 

“ A handy  book,  beautifully  illustrated  ; the  text  of  which  is  well  written,  and  cal- 
culated to  be  useful.  . . . The  examples  of  ancient  MSS.  recommended  to  the  student, 
which,  with  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste.” — A ihenecum. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDLEVAL  ; 
from  the  Eighth  Century,  with  Numerals  ; including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  &c.  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6d.  ornamental  boards.  [Just published. 

“ A well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years’  study  and  research.  For  those  who  insert  enamelled  sentences 
round  gilded  chalices,  who  blazon  shop  legends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  useful.” — A thence  uni. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ; including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque ; with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6 d.  ornamental  boards.  {Just published. 

“ To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talent  whic 
has  been  expended  in  the  conception  of  the  various  plain  and  ornamental  letters  is 
wonderful. " — S tandard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.  Containing  21  Plates,  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  With  an  Introduction  by  J.  Willis 
Brooks.  Small  4to,  6s.  cloth  gilt. 

“ A volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometimes 
with  a sort  of  rainbow  arabesque.  A poem  emblazoned  in  these  characters  would  be 
only  comparable  to  one  of  those  delicious  love  letters  symbolized  in  a bunch  of  flowers 
well  selected  and  cleverly  arranged.” — Sun. 

TPIE  EMBROIDERER’S  BOOK  OF  DESIGN  ; containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  Oblong  royal  8vo,  is.  6d.  in  ornamental  boards. 
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AGRICULTURE,  GARDENING,  &c. 

1 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM.  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.  By  James  Pink,  Author  of  “ Plow  to  Grow  One  Thou- 
sand Pounds  of  Potatoes  from  1 lb.  of  Seed.”  With  Illustrations. 
Second  Edition.  Cr.  8vo,  2 s.  cloth.  [Jpst published. 

“ A well  written  little  volume.  The  author  gives  good  practical  instructions 
under  both  divisions  of  his  subject.” — Agricultural  Gazette. 

“Cordial  praise  must  be  given  to  Mr.  Pink  for  his  thoroughly  practical  and  useful 
work.” — Daily  Chronicle. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable  and  Herb,  with  cultural  directions  for  the 
management  of  them  all  the  year  round.  By  George  M.  F. 
Glenny,  Editor  of  “ Glenny’s  Illustrated  Garden  Almanack,”  &c. 
With  Illustrations,  1 2mo,  2s.  cloth  boards.  [Just  Published. 

“ As  a guide  to  hardy  kitchen  gardening,  this  book  will  be  found  trustworthy  and 
useful  to  the  many  who  cannot  spare  the  time  to  consult  more  comprehensive  and 
detailed  works.” — North  British  Agriculturist. 

Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous-rooted  Flowering  Plants  to  Perfection.  A Manual 
adapted  for  both  the  Professional  and  Amateur  Gardener.  By 
Samuel  Wood,  Author  of  “Good  Gardening,”  etc.  With 
Coloured  Illustrations,  Plans,  and  numerous  Wood  Engravings. 
Crown  8vo,  y.  6 d.  cloth. 

“ Supplies  the  want  which  has  hitherto  existed  of  any  sufficiently  modern  work  of 
the  kind.  The  book  contains  practical  suggestions  as  to  the  arrangement  of 
the  flowers,  and  the  growth  of  flower-roots  for  the  trade,  as  well  as  for  amusement.” 
— Saturday  Review. 

Production  of  Meat. 

MEAT  PRODUCTION.  A Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers’  Meat.  Being  a treatise  on  means  of 
increasing  its  Plome  Production.  Also  comprehensively  treating 
of  the  Breeding,  Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ; Indications  of  the  Quality  ; Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat,  etc.,  etc.  By  John 
Ewart,  author  of  “The  Land  Improvers  Pocket  Book,”  etc. 
With  numerous  Illustrations.  Cr,  8vo,'5r.  cloth. 

“ A compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time,  when  the  question  of  the  food  supply  o f 
the  country  has  become  one  of  the  leading  topics  of  the  day.” — Meat  and  Provision 
Traded  R eview. 

History , Structure , and  Diseases  of  Sheep. 

SHEEP  ; THE  HISTORY,  STRUCTURE,  ECONOMY 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.K.V.C.,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.  366  pp.,  41.  cloth.  ' [Just  published. 
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Good  Gardening. 

A PLAIN  GUIDE  TO  GOOD  GARDENING ; or,  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on 
Soils,  Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and 
Grounds,  &c.  By  S.  Wood.  Third  Edition,  with  considerable 
Additions,  &c.,  and  numerous  Illustrations.  Cr.  8vo,  5 s.  cloth. 

‘‘  A thoroughly  useful  guidebook  for  the  amateur  gardener.” — Daily  Telegraph. 

“ A very  good  book,  and  one  to  be  highly  recommended  as  a practical  guide. 
The  practical  directions  are  excellent.”— Athenceum. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  Howto  make  One 
Acre  of  Land  produce  £ 620  a year,  by  the  Cultivation  of  Fruits 
and  Vegetables  ; also,  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  realise  £176  per  annum  clear  Profit.  By  Samuel 
Wood,  Author  of  “ Good  Gardening,”  &c.  3rd  Edition,  revised. 
With  Wood  Engravings.  Cr.  8vo,  is.  cloth. 

“ We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman’s  gardener,  but  to  the  market  grower.” — Gardener  s Magazine. 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Breuil,  revised  by  Geo.  Glenny.  187 
Woodcuts.  121110,  41-.  cloth. 

Scott  Burns  System  of  Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,  and 
Poultry — Utilisation  of  Town-Sewage,  Irrigation,  &c.  New  Edition. 
In  I vol.  1250  pp.,  half-bound,  profusely  illustrated,  12s. 

“There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a farmer 
from  going  far  wrong  in  any  of  his  operations.” — Observer. 

Ewart's  Land  Improver  s Pocket-Book. 

THE  LAND  IMPROVER’S  POCKET-BOOK  OF  FOR- 
MULAE, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  John  Ewart,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  321110,  oblong,  leather,  gilt  edges,  with  elastic  band,  41. 

“ A compendious  and  handy  little  volume.” — Spectator. 

Hudson  s Tables  for  Land  Valuers. 

THE  LAND  VALUER’S  BEST  ASSISTANT:  being  Tables, 
on  a very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  PIudson,  C.  E. 
New  Edition,  royal  32100,  leather,  gilt  edges,  elastic  band,  4 s. 

‘ ‘Of  incalculable  value  to  country  gentlemen  and  professional  men.  "—Farmer's  Journal. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER’S  AND  LAND  IMPROVER’S  COM- 
PLETE POCKET-BOOK  ; consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  7 s.  6d. 

“ We  consider  Hudson’s  book  to  be  the  best  ready-reckoner  on  matters  relating  to 
the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination  with  Mr. 
Ewart’s  work  greatly  enhances  the  value  and  usefulness  of  the  latter-inentioned  . . 
It  is  most  useful  as  a manual  for  reference.” — Worth  0/  England  Farmer. 
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Youatt  and  Burris  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER’S  and  CATTLE- 
BREEDER’S  ASSISTANT.  A Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  Robert  Scott  Burn,  Author  of  “The 
Lessons  of  My  Farm,”  &c.  One  large  8vo  volume,  860  pp.  with  244 
Illustrations.  1 l.  is.  half-bound. 

“ The  standard  and  text-book,  with  the  farmer  and  grazier  ."—Farmers  Magazine. 
"A  treatise  which  will  remain  a standard  work  on  the  subject  as  long  as  British 
agriculture  endures.” — Mark  Lane  Express. 

Donaldson  and  Burris  Suburban  Farming. 

SUBURBAN  FARMING.  A Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  considerable  Additions,  Illustrating  the  more 
Modern  Practice  by  Robert  Scott  Burn.  With  numerous 
Illustrations.  Crown  8vo,  6s.  cloth. 

“An  admirable  treatise  on  all  matters  connected  with  the  laying-out  and  cultivation 
of  dairy  farms.” — Live  Stock  Journal, 

Scott  Burris  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM  : a Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
Pigs,  &c.  By  R.  Scott  Burn.  With  numerous  Ulus.  Fcp.  6s.  cl. 

“A  complete  introduction  to  the  whole  round  of  farming  practice." — John  Bull. 

Auctioneer’s  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER’S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  Norris.  Royal  321110,  cloth,  51. 
“ A neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly- 
arranged  list  of  prices  for  inventories,  and  a very  practical  guide  to  determine  the 
value  of  furniture,  &c.” — Standard. 

The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Peculiarities  of  its  Farms,  Methods  of  Farming, 
the  Setting-out  of  Farms  and  their  Fields,  Construction  of  Roads, 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Unproductive 
Lands,  Irrigation,  Drainage,  Plantation,  &c.  By  R.  Scott  Burn, 
Fcp.  8vo.  numerous  Illustrations,  3-r.  6 d. 

“A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates.’  '—Join  nal  of  Forestry. 

“ A very  useful  vade-mecum  to  such  as  have  the  care  of  land." — Globe. 

“Should  be  in  the  hands  of  all  young  men  whose  pursuits  are  in  any  way  con- 
nected with  land." — Estates  Gazette. 

“ A valuable  and  important  work  on  a subject  of  imperative  moment,  as  there  is  a 
large  and  daily  increasing  demand  for  farm  produce  of  all  kinds,"— Farmer's  Herald. 


32  WORKS  PUBLISHED  BY  CROSBY  LOCKWOOD  & CO. 


“A  Complete  Epitome  of  the  Laws  of  this 
Country 

EVERY  MAN’S  OWN  LAWYER  ; a Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A Barrister.  16th  Edition, 
Revised  to  the  end  of  last  Session.  Including  a Summary  of  the 
principal  Acts  of  the  past  Session  (1878),  viz.  : — The  Bills  of  Sale 
Act,  The  Weights  and  Measures  Act,  The  Dentists  Act,  The 
Public  Health  Act  (as  to  the  Supply  of  Water  to  Dwelling- 
houses),  The  Matrimonial  Causes  Act  (as  to  aggravated  Assaults 
upon  Wives),  &c.,  &c.  With  Notes  and  References  to  the  Au- 
thorities. Crown  8vo,  price  6s.  8 A (saved  at  every  consultation), 
strongly  bound.  [just  published. 

COMPRISING  THE  LAWS  OF 

Bankruptcy — Bills  of  Exchange — Contracts  and  Agreements— Copyright 
— Dower  and  Divorce — Elections  and  Registration- — Insurance — Libel 
and  Slander — Mortgages— Settlements— Stock  Exchange  Practice — 
Trade  Marks  and  Patents — Trespass,  Nuisances,  etc. — Transfer  of 
Land,  etc. — Warranty — Wills  and  Agreements,  etc.  Also  Law  for 
Landlord  and  Tenant — Master  and  Servant — Workmen  and  Apprentices — Heirs, 
Devisees,  and  Legatees — Husband  and  Wife — Executors  and  Trustees — Guardian 
and  Ward — Mamed  Women  and  Infants — Partners  and  Agents — Lender  and 
Borrower — Debtor  and  Creditor — Purchaser  and  Vendor — Companies  and  Asso- 
ciations— Friendly  Societies — Clergymen,  Churchwardens — Medical  Practitioners, 
&c. — Bankers — Farmers — Contractors — Stock  and  Share  Brokers — Sportsmen 
and  Gamekeepers — Farriers  and  Horse-Dealers — Auctioneers,  House-Agents— 
Innkeepers,  &c. — Pawnbrokers — Surveyors — Railways  and  Carriers,  &c.,  &c. 

“ No  Englishman  ought  to  be  without  this  book.” — Engineer. 

“ What  it  professes  to  be — a complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a handy  one  to  have  in  readiness 
when  some  knotty  point  requires  ready  solution.” — Bell's  Life. 

“ A concise,  cheap,  and  complete  epitome  of  the  English  law,  so  plainly  written 
that  he  who  runs  may  read,  and  he  who  reads  may  understand.” — Figaro. 

“A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.”— 
Law  Magazine. 

“ Full  of  information,  fitly  expressed  without  the  aid  of  technical  expressions,  and 
to  the  general  public  will,  we  doubt  not,  prove  of  considerable  worth.” — Economist. 

A uctioneering. 

AUCTIONEERS  : THEIR  DUTIES  AND  LIABILITIES. 
By  Robert  Squibbs,  Auctioneer.  Demy  8vo,  lor.  6a.  cloth. 

[Just  published. 

"Mr.  Squibbs  writes  with  evident  knowledge  of  his  subject  and  shrewd  common 
sense.  His  book  should  be  useful  to  young  auctioneers,  and  serviceable  for 
reference  even  to  old  ones.’’ — Scotsman. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  : a Popular  and  Prac- 
tical Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Blouses  and  Land  ; including  the  Law  of  Dilapidations  and 
Fixtures;  with  Explanations  and  Examples  of  all  kinds  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.  By  EDWARD 
Lance  Tarbuck,  Architect  and  Surveyor.  121110,  5-r.  cloth  boards. 

“We  are  glad  to  be  able  to  recommend  it.” — Builder. 

“ The  advice  is  thoroughly  practical.” — Law  Journal. 


Bradbury,  Agnew,  & Co.,  Printers,  Whitefri&rs,  London. 


Alcaics  itttOtmmtara  Sates. 

PHILADELPHIA,  1876. 

THE  PRIZE  MEDAL 

Was  awarded  to  the  Publishers  for 

Books  : Rudimentary  Scientific, 

"WEALE’S  SERIES,”  ETC. 


A NEW  LIST  OF 

WEALE’S  SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 

LONDON,  1862. 

THE  PRIZE  MEDAL 

Was  awarded  to  the  Publishers  of 

"WEALE’S  SERIES.” 


These  popular  and  cheap  Series  of  Books,  now  comprising  nearly  Three  Hundred 
distinct  works  in  almost  every  department  of  Science,  A rt,  and  Education,  are  re- 
commended to  the  notice  of  Engineers,  Architects,  Builders,  Artisans,  and  Students 
generally,  as  well  as  to  those  interested  in  Workmen' s Libraries,  E'ree  Libraries, 
Literary  and  Scientific  institutions,  Colleges,  Schools,  Science  Classes,  &nc.,  Snc. 


IV. B. — In  ordering  from  this  List  it  is  recommended,  as  a means  of  facilitating 
business  and  obviating  error,  to  quote  the  numbers  affixed  to  the  volumes,  as  well  as 
the  titles  and  prices. 

***  The  'prices  quoted  are  for  limp  cloth  ; but  the  volumes  marked  with  a X may 
be  had  strongly  bound  in  cloth  boards  for  6d.  extra. 


RUDIMENTARY  SCIENTIFIC  SERIES. 


No  ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHITECTURE— ORDERS— The  Orders  and  their  ^Esthetic 

Principles.  By  W.  H.  Leeds.  Illustrated,  is.  6d. 

17.  ARCHITECTURE — STYLES — The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.  By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.  Illustrated.  2s. 

*#*  Orders  and  Styles  of  Architecture,  in  One  Vol.,  3-r.  6d. 

18.  ARCHITECTURE— DESIGN— The  Principles  of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  Garbett,  Architect.  Illustrated.  2s. 
The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
" Modern  Architecture.”  price  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.  By  E.  Dobson,  2s.f 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  Enw. 
Dobson,M.R.I.B.A.  With  Additions  by  C.  Tomlinson,  F.R.S.  Illustrated,  3s. t 

The  X indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Architecture,  Building,  etc.,  continued. 

25.  MASONRY  AND  STONECUTTING,  Rudimentary  Treatise 

on  ; in  which  the  Principles  of  Masonic  Projection  and  their  application  to 
the  Construction  of  Curved  Wing-Walls,  Domes,  Oblique  Bridges,  and 
Roman  and  Gothic  Vaulting,  are  concisely  explained.  By  Edward  Dobson, 
M.R.I.B.A.,  &c.  Illustrated  with  Plates  and  Diagrams.  2s.  6d.$ 

44.  FOUNDATIONS  AND  CONCRETE  WORDS,  a Rudimentary 

Treatise  on  ; containing  a Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams.  By  E.  Dobson,  M.R.I.B.A.,  &c.  Fourth  Edition,  revised  bj’ 
George  Dodd,  C.E.  Illustrated,  is.  6d. 

42.  COTTAGE  BUILDING.  By  C.  Bruce  Allen,  Architect. 

Eighth  Edition,  revised  and  enlarged.  Numerous  Illustrations,  is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.  By  G.  R.  Burnell,  C.E.  Eleventh  Edition,  is.  fid. 

57.  WARMING  AND  VENTILATION,  a Rudimentary  Treatise 

on  ; being  a concise  Exposition  of  the  General  Principles  of  the  Art  of  Warm- 
ing and  Ventilating  Domestic  and  Public  Buildings,  Mines,  Lighthouses, 
Ships,  &c.  By  Charles  Tomlinson,  F.R.S.,  &c.  Illustrated.  3s. 

83**.  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 

Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  and  Edited  by  Charles  Tom- 
linson, F.R.S.  To  which  is  added,  a Description  of  Fenby’s  Patent  Locks, 
and  a Note  upon  Iron  Safes  by  Robert  Mallet,  M.I.C.E.  Illus.  2s.  6d. 

ill.  ARCHES,  PIERS,  BUTTRESSES,  &c. : Experimental  Essays 

on  the  Principles  of  Construction  in  ; made  with  a view  to  their  being  useful 
to  the  Practical  Builder.  By  William  Bland.  Illustrated,  is.  6d. 

1 16.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the' Architect  and 
Builder.  By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.  Illustrated,  is.  6d. 

124.  CONSTRUCTION  OF  ROOFS,  Treatise  on  the,  as  regards 

Carpentry  and  Joinery.  Deduced  from  the  Works  of  Robison,  Price,  and 
Tredgold.  Illustrated,  is.  fid. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.  Illustrated.  is..6d. 

128.  VITRUVIUS— THE  ARCHITECTURE  OF  MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.  With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 

of  Beauty  in  ; with  a Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.  By  the  Earl  of  Aberdeen,  is. 

*»*  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  “Ancient 

A rchitectuke,”  price  6 r. 

132.  DWELLING-HOUSES,  a Rudimentary  Treatise  on  the  Erection 
of.  By  S.  H.  Brooks,  Architect.  New  Edition,  with  Plates.  2s.  6d.t 
1 56.  Q UANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 

Take  them  in  Bricklayers’,  Masons’,  Plasterers’,  Plumbers’,  Painters’,  Paper- 
hangers’,  Gilders’,  Smiths’,  .Carpenters’,  and  Joiners’  Work.  By  A.  C. 
Beaton,  Architect  and  Survcjmr.  New  and  Enlarged  Edition.  Illus.  is.  6d. 

175.  LOCKWOOD  dp  CO.'S  BUILDER'S  AND  CONTRACTOR’S 

PRICE  BOOK,  for  1879,  containing  the  latest  Prices  of  all  kinds  of  Builders’ 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building : Lists  of 
the  Members  of  the  Metropolitan  Board  of  Works,  of  Districts,  District 
Officers,  and  District  Surveyors,  and  the  Metropolitan  Bye-laws.  Edited  by 
Francis  T.  W.  Miller,  Architect  and  Surveyor.  3s.  6d. ; half  bound,  4s. 

182.  CARPENTRY  AND  JOINER.Y—  The  Elementary  Prin- 
ciples of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a TREATISE  ON  JOINERY  by  E.  Wyndham 
Tarn,  M.A.  Numerous  Illustrations.  3s.  fid.  if 

The  :|:  indicates  that  these  vo/s.  may  be  had  strong/v  bound  at  6 d.  extra. 
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Architecture,  Building,  etc.,  continued. 

182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 

accompanj'  the  foregoing  book.  With  Descriptive  Letterpress.  4to.  6s.; 
cloth  boards,  7s.  6d. 

187.  HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 

wick.  New,  Revised,  and  enlarged  Edition.  By  G.  Huskisson  Guillaume, 
Architect.  With  numerous  Woodcuts.  3s.  6d4 

18S.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGA 

WRITING : A Practical  Manual  of.  With  9 Coloured  Plates  of  Woods 
and  Marbles,  and  nearly  150  Wood  Engravings.  By  Ellis  A.  Davidson 
Second  Edition,  carefully  revised.  5s.  cloth  limp  ; 6s.  cloth  boards. 

1S9.  THE  RUDIMEN2S  OF  PRACTICAL  BRLCKLA  YING. 

In  Six  Sections : General  Principles;  Arch  Drawing,  Cutting,  and  Setting; 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  &c.  By  Adam  Hammond.  Illustrated,  is.  6d. 

191.  PLUMBING.  A Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Containing  about  300  Illustrations.  By  W.  P.  Buchan, 
Sanitary  Engineer.  3s4 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 

and  BUILDER’S  STANDARD  GUIDE  ; comprising  copious  and  valu- 
able Memoranda  for  the  Retailer  and  Builder.  By  Richard  E.  Grandy 
Second  Edition,  Revised.  3S4 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 

James  Greig  Badenoch.  Illustrated  with  12  full-page  Engravings  of 
Examples,  is.  {.Just  published. 


CIVIL  ENGINEERING,  ETC. 

13.  CIVIL  ENGLNEERLN G,  the  Rudiments  of;  for  the  Use  of 
Beginners,  for  Practical  Engineers,  and  for  the  Army  and  Navy.  By  Henry 
Law,  C.E.  Including  a Section  on  Hydraulic  Engineering,  by  George  R. 
Burnell,  C.E.  5th  Edition,  with  Notes  and  Illustrations  by  Robert 
Mallet,  A. M.,  F.R.S.  Illustrated  with  Plates  and  Diagrams.  ss4 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.  By  G. 

Drysdale  Dempsey,  C.E.  New  Edition,  enlarged.  Illustrated,  is.  6d. 

30.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS.  By 

G.  Drysdale  Dempsey,  C.E.  New  Edition.  Illustrated.  2s.  6d. 

***  With  “ Drainage  of  Districts  and  Lands,"  in  One  Vol.,  3.?.  6 d. 

31.  WELL-DIGGING,  BORING,  AND  PUMP-WORIC.  By 

John  George  Swindell,  Assoc.  R.I.B.A.  New  Edition,  revised  by  G.  R. 
Burnell,  C.E.  Illustrated.  is.6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 

Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  John  Burgoyne,  Bart.,  K.C.B.  Illustrated,  is.  Cd. 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 

Particularly  describing  the  Britannia  and  Conway  Tubular  Bridges. 
With  a Sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Art  of  Bridge  Building.  By  G.  D.  Dempsey,  C.E. 
New  Edition,  with  Illustrations,  is.  6d. 

62.  RAIL  WA  Y CONSTRUCTION,  Elementary  and  Practical  In- 
struction on.  By  Sir  Macdonald  Stephenson,  C.E.  New  Edition,  enlarged 
by  Edward  Nugent,  C.E.  Plates  and  numerous  Woodcuts.  3s. 

80*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 

Treated  as  a Means  of  Profitable  Emplo3'mcnt  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  Practical  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  John  Wiggins,  E.G.S.  New  Edition,  with 
Notes  by  Robert  Mallet,  F.R.S.  2s. 

8r.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 

a Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ; and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  Samuel  Hughes,  F.G.S.,  C.E.  New  Edition, 
revised  and  enlarged,  with  numerous  Illustrations.  434 

The  t indicates  that  these  vo/s.  may  he  had  strongly  bound  at  6, 1.  extra. 
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Civil  Engineering,  etc.,  continued. 

82**.  GAS  WORKS,  and  the  Practice  of  Manufacturing  and  Distributing 
Coal  Gas.  By  Samuel  Hughes,  C.E.  New  Edition,  revised  by  W. 
Richards,  C.E.  Illustrated.  3s.  6d4 

XI 7.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 
tical Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
Modern  Improvements.  By  Thomas  Baker,  C.E.  Illustrated.  2s.  6d4 

1 18.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a Sketch 

of.  By  David  Stevenson,  F.R.S.E.,  &c.  Plates  and  Diagrams.  3s. 

197.  ROADS  AND  STREETS  ( THE  CONSTRUCTION  OF), 

in  two  Parts:  I.  The  Art  of  Constructing  Common  Roads,  by  Henry 
Law,  C.E.,  revised  and  condensed  by  D.  Kinnear  Clark,  C.E. ; II.  Recent 
Practice,  including  pavements  of  Stone,  Wood,  and  Asphalte,  by  D.  K. 
Clark,  M.I.C.E.  4s.  6d4  [Just published. 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  Comprising: — 1.  Some  of  the  more  Common  Forms  of 
Nuisance  and  their  Remedies  ; 2.  Drainage ; 3.  W ater  Supply.  A useful 
book  for  Members  of  Local  Boards  and  Rural  Sanitary  Authorities,  Health 
Officers,  Engineers,  Surveyors,  Builders  and  Contractors.  By  Charles 
Slagg,  A.I.C.E.  2S.  6d.J  [Just published. 


MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Lleavy  Bodies  for  the  Erection  of  Buildings,  and  for  Hoisting  Goods.  By 
Joseph  Glynn,  F.R.S.,  &c.  Illustrated,  is.  6d. 

34.  THE  STEAM  ENGINE,  a Rudimentary  Treatise  on.  By  Dr. 

Lardner.  Illustrated,  is.  6d. 

59.  STEAM  BOILERS : their  Construction  and  Management.  By 

R.  Armstrong,  C.E.  Illustrated,  is.  6d. 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett  (late  Edmund  Beckett  Denison,  LL.D.,  Q.C.). 
\A  New,  Revised,  and  considerably  Enlarged  Edition  (the  6th),  with  very 
numerous  Illustrations.  4s.  6d.  cloth  limp  ; 5s.  6d.  cloth  boards,  gilt. 

82.  THE  BOWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.  Bjr  Joseph 
Glynn,  F.R.S.,  & c.  New  Edition,  Illustrated.  2S.J 
98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.  By  T.  Baker,  C.E.  With  Remarks  on  Tools  and  Machinery,  by 
J.  Nasmyth,  C.E.  Plates.  2s.  6d4 

1 14.  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 
Working.  Illustrated  by  numerous  Examples  of  Modern  Machinery  for 
different  Branches  of  Manufacture.  Bj'  C.  D.  Abel,  C.E.  is.  6d. 

139.  THE  STEAM  ENGINE,  a Treatise  on  the  Mathematical  Theory 
of,  with  Rules  at  length,  and  Examples  for  the  Use  of  Practical  Men.  By 
T.  Baker.  C.E.  Illustrated,  is.  6d. 

162.  THE  BRASS  FOUNDER’S  MANUAL;  Instructions  for 
Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.  With  copious  Receipts,  numerous  Tables,  and  Notes  on  Prime 
Costs  and  Estimates.  By  AValter  Graham.  Illustrated.  2s4 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  By  f.  G.  AVinton.  Illustrated.  3s4 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.  By  J.  Armour,  C.E.  2s.  6d.+ 

166.  POWER  IN  MOTION : Horse-Power,  Motion,  Toothed- AVlieel 

Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces.  By  James 
Armour,  C.E.  With  73  Diagrams.  2s.  6d4  rT^,rT1T~ 

167.  THE  A PPLICA  TION  OF  IR  ON  TO  THE  CONS  I RUCTION 

OF  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  WORKS.  By 
Francis  Campin,  C.E.  Second  Edition,  revised  and  corrected. 
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Mechanical  Engineering,  etc.,  continued. 

1 7 1.  THE  WORKMAN’S  MANUAL  OF  ENGINEERING 

DRAWING.  By  John  Maxton,  Engineer,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich.  Third  Edition.  Illustrated 
with  7 Plates  and  nearly  350  Woodcuts.  3s.  6d.$ 

190.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and 

Portable.  Being  an  extension  of  Mr.  John  Sewell’s  “ Treatise  on  Steam.” 
By  D.  Kinnear  Clark,  M. I. C.E.,  Author  of  “ Railway  Machinery,”  &c., 
&c.  Second  Edition,  revised.  With  numerous  Illustrations.  3s.  6d.f 
200.  FUEL,  its  Combustion  and  Economy  ; being  an  Abridgment  of 
“A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke,”  b}r 
1C.  W.  Williams,  A.I.C.E.  With  extensive  additions  on  Recent  Practice  in 
the  Combustion  and  Economy  of  Fuel — Coal,  Coke,  Wood,  Peat,  Petro- 
leum, &c. — by  D.  Kinnear  Clark,  M.I.C.E.  With  numerous  Illustrations. 
4s.  6d.t  X [Jtist  published. 

202.  LOCOMOTIVE  ENGINES,  A Rudimentary  Treatise  on. 

Comprising  an  Historical  Sketch  and  Description  of  the  Locomotive  Engine 
by  G.  D.  Dempsey,  C.E.  ; with  large  additions  treating  of  the  Modern  Loco- 
motive, by  D.  Kinnear  Clark,  M.I.C.E.  With  numerous  Illustrations.  3s. i 


SHIPBUILDING,  NAVIGATION,  MARINE 
ENGINEERING,  ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 
tion of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
James  Peake,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams.  3s.  6d4 

53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementary 

and  Practical  Principles  of  the  Construction  of.  By  ILakon  A.  Sommer- 
feldt,  Surveyor  of  the  Royal  Norwegian  Navy.  With  an  Appendix,  is. 

53**.  AN  ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.  Royal  4to,  cloth.  7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks;  Chain, 
Wire,  and  Hemp  Ropes,  &c.,  relative  to  every  class  of  vessels.  With  an 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Rojml  Navy.  By  Robert 
Kipping,  N.A.  Fourteenth  Edition.  Illustrated.  2s. t 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 

for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect.  5th  Edition,  with  Additions.  4s. 
54**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
“Warrior,”  “Hercules,”  “ Bcllerophon  ; ” H.M.  Troop  Ship  “ Serapis,” 
Iron  Floating  Dock,  &c.,  &c.  4to,  boards.  38s. 

55.  THE  SAILOR’S  SEA  BOOK:  a Rudimentary  Treatise  on 

Navigation.  Part  I.  Howto  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  James  Greenwood,  B.A.  To 
which  arc  added,  the  Deviation  and  Error  of  the  Compass  ; Great  Circle 
Sailing;  the  International  (Commercial)  Code  of  Signals;  the  Rule  of  the 
Road  at  Sea;  Rocket  and  Mortar  Apparatus  for  Saving  Life;  the  Law  of 
Storms  ; and  a Brief  Dictionary  of  Sea  Terms.  With  numerous  Woodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroughly  revised  and  much  enlarged 
edition.  By  W.  H.  Rosser,  Author  of  the  “ Deviation  of  the  Compass  con- 
sidered practically,”  &c.  2s.  6d.t  [Just published. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a Treatise 

on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robert  Murray,  C.E., 
Engineer-Surveyor  to  the  Board  of  Trade.  With  a Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French,  German,  and  Spanish.  Seventh 
'Edition,  revised  and  enlarged.  Illustrated.  3s. t 
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Shipbuilding,  Navigation,  etc.,  continued. 

8 Ibis.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally Derived,  on  some  of  the  Principles  regulating'  Ship-building.  By  W. 
Bland.  Seventh  Edition,  revised, with  numerous  Illustrations  and  Models. is.Gd. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 

and  Practice.  With  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  R.  Young,  formerly  Professor  of  Mathematics  in 
Belfast  College.  Illustrated.  2s.  6d. 

106.  SHIPS’  ANCHORS,  a Treatise  on.  By  George  Cotsell, 

N.A.  Illustrated,  is.  6d. 

149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  ot  Ropes  ; Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.,  &c. 
Tenth  Edition,  enlarged,  with  an  Appendix.  By  Robert  Kipping,  N.A., 
Sailmakpr,  Quayside,  Newcastle.  Illustrated.  2s.  6d.f 

155.  THE  ENGINEER’S  GUIDE  TO  THE  ROYAL  AND 

MERCANTILE  NAVIES.  By  a Practical  Engineer.  Revised  by  D. 
F.  M'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton.  3s. 

55  PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor’s 
& Sea-Book.  By  James  Greenwood  and  W.  H.  Rosser.  Together  with 
204.  tlje  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.  _ By  FIenry  Law,  C.E.,  and  J.  R.  Young,  formerly  Professor  of 
Mathematics  in  Belfast  College.  Illustrated  with  numerous  Wood  Engrav- 
ings and  Coloured  Plates.  7s.  Strongly  half-bound  in  leather. 

[ Just  published. 


PHYSICAL  SCIENCE,  NATURAL  PHILO- 
SOPHY, ETC. 

1.  CHEMISTRY,  for  the  Use  of  Beginners.  By  Professor  George 

Fqwnes,  F.R.S.  With  an  Appendix,  on  the  Application  of  Chemistry  to 
Agriculture,  is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.  By  C.  Tomlinson,  Lecturer  on  Natural  Science  in 
King’sjCollege  School,  London.  Woodcuts,  is.  6d. 

4.  MINERALOGY,  Rudiments  of;  a concise  View  of  the  Properties 

of  Minerals.  By  A.  Ramsay,  Jun.  Woodcuts  and  Steel  Plates.  3s. t 

6.  MECHANICS,  Rudimentary  Treatise  on ; being  a concise  Ex- 

position of  the  General  Principles  of  Mechanical  Science,  and  their  Applica- 
tions. By  Charles  Tomlinson,  Lecturer  on  Natural  Science  in  King’s 
College  School,  London.  Illustrated,  is.  6d. 

7.  ELECTRICITY ; showing  the  General  Principles  of  Electrical 
4k  Science,  and  the  purposes  to  which  it  has  been  applied.  Bj'  Sir  W.  Snow 

Harris,  F.R.S.,  &c.  With  considerable  Additions  by  R.  Sabine,  C.E., 
F.S.A.  Woodcuts,  is.  6d. 

7*.  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.  By  Sir  W.  Snow  Harris.  New 
Edition,  revised,  with  considerable  Additions,  by  Robert  Sabine,  C.E., 
F.S  A.  Woodcuts,  is.  6d. 

8.  MAGNETISM ; being  a concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  I-Iarris.  New  Edition,  revised  and  enlarged  by  H.  M. 
Noad,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  “A 
Manual  of  Electricity,”  &c.,  &c.  With  165  Woodcuts.  3s.  6d.J 

11.  THE  ELECTRIC  TELEGRAPH ; its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  ByR.  Sabine,  C.E.,  F.S.A .,  &c. 
Woodcuts.  3s. 

12.  PNEUMATICS,  for  the  Use  of  Beginners.  By  Charles 

Tomlinson.  Illustrated,  is.  Cd. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

72.  MANUAL  OF  THE  MOLLUSCA  ; a Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  AYoodward,  A.L.S.  With  Appendix  by 
Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300  Woodcuts. 
6s.  6d.  Cloth  boards,  7s.  6d. 

79**.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a Description  of 

the  Stereoscope,  &c.  Translated  from  the  French  of  D.  Van  Monckhoven, 
by  W.  H.  Thornthwaite,  Ph.D.  Woodcuts,  is.  6d. 

96.  ASTRONOMY.  By  the  Rev.  R.  Main,  M.A.,  F.R.S.,  &c. 

New  Edition,  with  an  Appendix  on  “ Spectrum  Analj'sis.”  Woodcuts,  is.  6d. 

97.  STATICS  AND  DYNAMICS , the  Principles  and  Practice  of; 

embracing  also  a clear  development  of  Hj'drostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  is.  6d. 

138.  TELEGRAPH,  Handbook  of  the ; a Manual  of  Telegraphy, 
Telegraph  Clerks’  Remembrancer,  and  Guide  to  Candidates  for  Emplo3r- 
ment  in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarged  : to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
by  W.  McGregor,  First  Assistant  Superintendent,  Indian  Gov.  Telegraphs. 
Woodcuts.  3s. f 

143.  EXPERIMENTAL  ESSAYS.  By  Charles  Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.  II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  History  of  the  Modern  Theory  of  Dew.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock’s  “ Rudiments  of  Geology.”  By  Ralph  Tate,  A.L.S. , &c.  Woodcuts.  2s. 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

Portlock’s  “Rudiments.”  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

Sc  Historical.  Partly  based  on  Major-General  Portlock’s  “ Rudiments  of 
j y.  Geology.”  By  Ralph  Tate,  A.L.S.,  F.G.S.,  8cc.,  &c.  Numerous  Illustra- 
'P  tions.  In  One  Volume.  4s.  6d.$ 

183.  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lardner,  D.C.L., 

& formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
184  College,  Lond.  With  520  Illustrations.  InOneVol.  7s.  6d.,  cloth  boards. 

*#*  Sold  also  in  Tzvo  Parts,  as  follows  : — 

183.  Animal  Physics.  By  Dr.  Lardner.  Part  I.,  Chapters  I — VII.  4s. 

184.  Animal  Physics.  By  Dr.  Lardner.  Part  II.,  Chapters  VIII — XVIII.  3s. 


MINING,  METALLURGY,  ETC. 

1 17.  SUBTERRANEOUS  SUR  FRYING,  Elementary  and  Practical 

Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.  Illustrated.  2s.  6d.t 

133.  METALLURGY  OF  COPPER  ; an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.  Woodcuts.  2s.  6d4 

134.  METALLURGY  OF  SILVER  AND  LEAD.  A Description 

of  the  Ores ; their  Assay  and  Treatment,  and  valuable  Constituents.  By  Dr. 
R.  H.  Lamborn.  Woodcuts.  2s.  6d.t 

135.  ELECTRO-METALLURGY ; Practically  Treated.  By  Alex- 

ander Watt,  F.R.S.S.A.  New  Edition,  enlarged.  Woodcuts.  2s.  6d.t 
172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  Comprising  Observations  on  the  Materials  from,  and 
Processes  by,  which  they  are  manufactured  ; their  Special  Uses,  Applica- 
tions, Qualities,  and  Efficiency.  By  William  Morgans,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines.  2s.  6d.t 

172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 

containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.  4s.  Cd. ; 
cloth  boards,  6s. 
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7,  STATIONERS’  HALL  COURT,  LUDGATE  HILL,  E.C. 


8 


weale’s  rudimentary  series. 


Mining,  Metallurgy,  etc.,  continued. 

176.  METALLURGY  OF  IRON,  a Treatise  on  the.  Containing 

History  of  Iron  Manufacture,  Methods  of  Assay,  and  A nalyses  of  Iron  Ores, 
Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S. 
Fourth  Edition,  enlarged,  with  numerous  Illustrations.  4s.  6d.t 

180.  COAL  AND  COAL  MINING,  A Rudimentary  Treatise  on. 
By  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  New  Edition,  revised 
and  corrected.  With  numerous  Illustrations.  3s.  6d.t 

195.  THE  MINERAL  SURVEYOR  AND  VALUER’S  COM- 

PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments  ; also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.  By  William  Lintern,  Mining  and  Civil  Engineer.  With 
four  Plates  of  Diagrams,  Plans,  8cc.  3s.  6d4  [Just  published. 


AGRICULTURE,  GARDENING,  ETC. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.  By 

G.  Drysdale  Dempsey,  C.E.  Illustrated,  is.  6d. 

*■**  With  “ Drainage  of  Towns  and  Buildings,”  in  One  Vol.,  3 s.  6 d. 

63.  AGRICULTURAL  ENGINEERING : Farm  Buildings,  Motive 

Powers  and  Machinery  of  the  Steading,  Field  Machines,  and  Implements. 
By  G.  H.  Andrews,  C.E.  Illustrated.  3s. 

66.  CLAY  LANDS  AND  LOAMY  SOILS.  By  Professor 

Donaldson,  is. 

131  .MILLER’S,  MERCHANT’S,  AND  FARMER’S  READY 

RECKONER,  for  ascertaining  at  sight  the  value  of  any  quantity  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  from  £1  to 
£5  Per  Qr-  With  approximate  values  of  Millstones,  Millwork,  &c.  is. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  1.  Outlines  of 

Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  By  R.  Scott 
Burn.  Woodcuts.  3s. 

142.  STOCK;  CATTLE,  SHEEP,  AND  HORSES.  (Vol.  3. 

Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  By 

R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outlines 
of  Modern  Farming.)  Woodcuts.  2s. 

146.  UTILIZATION  OF  SEWAGE,  IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5.  Outlines  of  Modern 
Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  “Outlines  of 
Modern  Farming.”  By  Robert  Scott  Burn.  Price  12s. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 

the  French  of  Du  Breuil,  Revised  by  Geo.  Glenny.  1S7  Woodcuts.  3s.  Cd.f 

198.  SHEET;  TILE  LIISTOR  Y,  STR  UCTURE , ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C.,  &c.  Fourth  Edition, 
considerably  enlarged;  with  numerous  fine  engravings,  including  some 
specimens  of  New  and  Imxiroved  Breeds.  366  pp.  3s.  6d.f 

201.  KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 

prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  with  cultural  directions  for  the  management  of  them 
all  the  year  round.  By  George  M.  F.  Glenny,  Editor  of  “ Glenny  s Illus- 
trated Garden  Almanack,”  and  Author  of  “ Floriculture,”  &c.  is.  6d.f 

[Just  published. 
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FINE  ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  George  Pyne, 
Artist.  Woodcuts.  2s. 

40  GLASS  STAINING  ; or,  Painting  on  Glass,  The  Art  of.  Com- 

Sc  prising  Directions  for  Preoaring  the  Pigments  and  Fluxes,  laying  them  upon 

, r the  Glass,  and  Firing  or  Burning  in  the  Colours.  From  the  German  of  Dr. 

^ ’ Gessert.  To  which  is  added,  an  Appendix  on  The  Art  of  Enamelling, 
&c.,  with  The  Art  of  Painting  on  Glass.  From  the  German  of  Emanuel 
Otto  Fromberg.  In  One  Yolu.ne.  2s.  6d. 

69.  MUSIC,  A Rudimentary  and  Practical  Treatise  on.  With 

numerous  Examples.  By  Charles  Child  Spencer.  2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  Charles 
Child  Spencer,  is.  6d. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Potter}',  Enamel,  Glass,  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F.S.A.  Fourth  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.  5s. $ 

186.  A GRAMMAR  OF  COLOURING,  applied  to  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson,  Author  of  “ Drawing  for  Carpenters,”  &c.  With  two  new 
Coloured  Diagrams  and  numerous  Engravings  on  Wood.  3s. t 


ARITHMETIC,  GEOMETRY,  MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing,  Adjusting,  and  Using  them 
are  concisely  Explained.  By  J.  F.  Heather,  M.A.,  of  the  Royal  Military 
Academy,  Woolwich.  Original  Edition,  in  1 vol.,  Illustrated,  is.  6d. 

•»*  In  ordering  the  above,  be  careful  to  say,  “ Original  Edition ,”  or  give  the  ntnnber 
in  the  Series  (32)  to  distinguish  it  from  the  Enlarged  Edition  in  3 vols. 
(Nos.  168-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a Treatise  on; 

with  all  the  Modern  Improvements.  Arranged  for  the  Use  of  Schools  and 
Private  Students  ; also  for  Practical  Land  Surveyors  and  Engineers.  By 
T.  Baker,  C.E.  New  Edition,  revised  by  Edward  Nugent,  C.E.  Illus- 
trated with  Plates  and  Diagrams.  2s. t 

61*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 

LAND.  By  Abraham  Arman,  Schoolmaster,  Thurleigh,  Beds.  To  which 
is  added  a 'Fable,  showing  the  Price  of  Work,  from  2s.  6d.  to^i  per  acre,  and 
Tables  for  the  Valuation  of  Land,  from  is.  to  £1, 000  per  acre,  and  from  one 
pole  to  two  thousand  acres  in  extent.  &c.,  &c.  is.  6d. 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 

with  a Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge.  To  which  is  added,  a description  of  the  Principles  and  Practice 
of  Isometrical  Projection  ; the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  Heather,  M.A.  Illustrated  with  14  Plates.  2s. 

178.  PRACTICAL  PLANE  GEOMETRY : giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s. 

179.  PROJECTION : Orthographic,  Topographic,  and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.  By  J.  F.  Heather,  M.A.  [In  preparation. 

%*  The  above  three  volumes  mill  form  a Complete  Elementary  Course  of 
Mathematical  Drawing. 


ItffT  The  ± indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

ancl  Forms  in  English,  French,  Italian,  and  German.  By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King’s  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a Rudimentary  Treatise  on:  with  full  Explana- 

tions ofits  Theoretical  Principles,  and  numerous  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self-Instruction.  By  J.  R.  Young,  late  Professor 
of  Mathematics  in  Belfast  College.  New  Edition,  with  Index,  is.  6d. 

84*.  A Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  Young,  is.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

83*.  Annuities,  Life  Assurance,  and  General  Commerce  ; with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.  By  W.  Hipsley.  2s. 

86.  ALGEBRA,  the  Elements  of.  By  James  Haddon,  M.A., 

Second  Mathematical  Master  of  King’s  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a Collection  of  Problems  in 
various  parts  of  Algebra.  2s. 

86*.  A Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-Instruc- 
tion. By  J.  R.  Young,  is.  6d. 

88.  EUCLID,  The  Elements  of  : with  many  additional  Propositions 

89.  and  Explanatory  Notes  : to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.  By  Henry  Law,  C.E.  2s.  6d,t 

***  Sold  also  separately,  viz. : — 

88.  Euclid,  The  First  Three  Books.  By  Henry  Law,  C.E.  is.  ' 

89.  Euclid,  Books  4,  5,  6,  n,  12.  By  Henry  Law,  C.E.  is.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS, 

a Rudimentary  Treatise  on.  By  James  Hann,  late  Mathematical  Master  of 
King’s  College  School,  London.  A New  Edition,  re-written  and  enlarged 
by  J.  R.  Young,  formerly  Professor  of  Mathematics  at  Belfast  College.  2S.+ 

91.  PLANE  TRIGONOMETRY,  the  Elements  of.  By  James 

Hann,  formerly  Mathematical  Master  of  King’s  College,  London,  is. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.  By  James 

Hann.  Revised  by  Charles  H.  Dowling,  C.E.  is. 

***  Or  with  “ The  Elements  of  Plane  Trigonometry ,”  in  One  Volume,  zs. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modem  Engineering.  By  T.  Baker,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.  Illustrated,  is.  6d. 

101*.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  Woolhouse,  F.R.A.S.,  &c.  is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

HomershAM  Cox,  B.A.  Illustrated,  is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.  By  James  ITann, 

late  of  King’s  College,  London.  Illustrated,  is. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.  By  W.  S.  B. 
Woolhouse,  F.R.A.S.,  &c.  is.  6d. 

103.  MNEMONICAL  LESSONS.  — Geometry,  Algebra,  and 

Trigonometry,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 
Penyngton  KirkmAn,  M.A.  is.  6d. 

i?6  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 
Instruction.  By  James  Haddon,  M.A.  Revised  by  Adraham  Arman, 
is.  6d.  , . 

137.  A Key  to  Haddon’s  Rudimentary  Arithmetic.  By  A.  Arman,  is.  oti. 

The  * indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  With  a 
Slide  Rule  in  tuck  of  cover.  3s. t 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

ing-— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A.,  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  “ Descriptive  Geometry,”  &c.,  &c. 
Illustrated,  is.  6d. 

169.  OPTICAL  INSTRUMENTS.  Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photograph}'.  By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

170.  SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

The  above  three  volumes  form  an  enlargement  of  the  Author's  original  work, 
“ Mathematical  Instruments : their  Construction,  Adjustment,  Testing,  and  Use," 
the  Eleventh  Edition  of  which  is  on  sale,  price  is.  6d.  (See  No.  32  in  the  Series.) 

x68A  MATHEMATICAL  INSTRUMENTS.  By  J.  F.  Heather, 

169.  >■  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3 Parts  as 

170 . )  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

185.  THE  COMPLETE  MEASURER  ; setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.,  8cc. ; Unequal-sided,  Square-sided,  Octagonal- 
sided, Round  Timber  and  Stone,  and  Standing  Timber.  With  a Table 
showing  the  solidity  of  hewn  or  eight-sided  timber,  or  of  any  octagonal- 
sided column.  Compiled  for  Timber-growers,  Merchants,  and  Surveyors, 
Stonemasons,  Architects,  and  others.  By  Richard  Horton.  Third 
Edition,  with  valuable  additions.  4s. ; strongly  bound  in  leather,  5s. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ; with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  F£dor  ThomAn,  of  the  Societe  Credit 
Mobilier,  Paris.  4s. t [just published. 

199.  INTUITIVE  CALCULATIONS ; or,  Easy  and  Compendious 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  and  an  Examination  and 
Discussion  of  the  best  Schemes  for  a Decimal  Coinage.  By  Daniel 
O’Gorman.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  Young, 
formerly  Professor  of  Mathematics  in  Belfast  College.  3s. t {Just  published. 

204.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ; to  which  is  prefixed  a Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  J.  R.  Young,  formerly  Professor  of  Mathe- 
matics in  Belfast  College.  New  Edition.  3s.  6d.$  Just  published. 


MISCELLANEOUS  VOLUMES. 

36.  A DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHAE- 
OLOGY, the  FINE  ARTS,  <5 nc.  By  John  Whale.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations. 5s.  cloth  limp  ; 6s.  cloth  boards. 

50.  THE  LAW  OF  CONTRAlCTS  FOR  WORKS  AND  SER- 
VICES. By  David  Gibbons.  Third  Edition,  revised  and  considerably 
enlarged.  3s.  % 

f£YT  The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra. 
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WEALE'S  EDUCATIONAL  AND  CLASSICAL  SERIES. 


Miscellaneous  Volumes,  continued. 

1 1 2.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  Gooding, 

B.A.,  M.D.  Intended  as  a Family  Guide  in  all  Cases  of  Accident  and 
Emergency.  2s.t 

1 12*.  MANAGEMENT  OF  HEALTH.  A Manual  of  Home  and 

Personal  Hygiene.  By  the  Rev.  James  Baird,  B.A.  is. 

150.  LOGIC,  Pure  and  Applied.  By  S.  H.  Emmens.  is.  6d. 

152.  PRACTICAL  HINTS  FOR  INVESTING  MONEY.  With 

an  Explanation  ot  the  Mode  of  Transacting  Business  on  the  Stock  Exchange. 
By  Francis  Playford,  Sworn  Broker,  is.  fid. 

153.  SELECTIONS  FROM  LOCKE'S  ESSAYS  ON  THE 
HUMAN  UNDERSTANDING.  With  Notes  by  S.  H.  Emmkks.  2s. 

154.  GENERAL  HINTS  TO  EMIGRANTS.  Containing  Notices 

of  the  various  Fields  for  Emigration.  With  Flints  on  Preparation  for 
Emigrating,  Outfits,  &c.,  &c.  With  Directions  and  Recipes  useful  to  the 
Emigrant.  With  a Map  of  the  World.  2s. 

157.  THE  EMIGRANT’S  GUIDE  TO  NATAL.  By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.  Map.  2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  the 
requirements  of  Beginners.  By  Major  W.  W.  KNOLLYS,  F.R.G.S.,  93rd 
Sutherland  Highlanders,  &c.  With  163  Woodcuts.  3S4 

194.  THE  HOUSE  MANAGER:  Being  a Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Pieserving,  Household  Work,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing 
and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.  By  An  Old  Housekeeper.  3s.  6d.$ 

194.  HOUSE  BOOK  (The).  Comprising: — I.  The  House  Manager. 
1 12.  By  an  Old  Housekeeper.  II.  Domestic  Medicine.  By  Ralph  Gooding, 
o ‘ M.D.  III.  Management  of  Health.  By  James  Baird.  In  One  Vol., 
strongly  half-bound.  6s.  [Just published. 

1 1 2*.  


EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  A Text 
Book  for  Schools  and  Colleges.  By  William  Douc.las_  Hamilton,  F.S.A., 
of  Her  Majesty’s  Public  Record  Office.  Fourth  Edition,  revised.  Maps 
and  Woodcuts.  5s. ; cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of ; in  connection  with  the 
Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Levien,  M.A.,  of  Balliol 
College,  Oxford.  2s.  6d. ; cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ; cl.  bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Conclusion  of  the  Franco-German 
War.  The  Continuation  by  W.  D.  Hamilton,  F.S.A.,  of  Her  Majesty’s 
Record  Office.  3s. ; cloth  boards,  3s.  6d. 

SO.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  E.  Rand.  is. 
©iir’  The  t indicales  that  these  vols . may  be  had  strongly  bound  at  6 d.  extra. 


LONDON  : CROSBY  LOCKWOOD  AND  CO., 


weale’s  educational  and  classical  series. 


13 


ENGLISH  LANGUAGE  AND  MISCEL- 
LANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Htds 
Clarke,  D.C.L.  Third  Edition,  is.  fid. 

11*.  Philology  : Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Platt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.  By  Hyde  Clarke,  D.C.L.  is. 

12.  Dictionary  of  the  English  Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  fid. ; cloth  boards,  4s.  6d. ; complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and  Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
16th  Edition,  is. 

49.  Derivative  Spelling-Book.:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Rowbotham,  F.R.A.S.  Improved  Edition,  is.  6d. 

51.  The  Art  of  Extempore  Speaking  : Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  Sixth  Edition,  carefully  corrected. 
2s.  6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners’  Association  of  Cornwall  and  Devon,  is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  Edgar 
Rand,  B.A.  is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a Course 

of.  To  which  is  prefixed,  a Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink,  Practical  Chemist,  &c.,  and  George 
E.  Webster,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham. 2S. 


THE  SCHOOL  MANAGERS’  SERIES  OF  READING 

BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely;  formerly  H.M.  Inspector 
of  Schools. 

Introductory  Primer,  3^. 

s.  d.  s.  d. 

o 6 Fourth  Standard  . . .12 

0 10  Fifth  ,,  ...16 

1 o Sixth  ,,  ...16 


First  Standard 
Second  „ 

Third  ,, 

Lessons  from  the  Bible 
Lessons  from  the  Bible 


Part  I.  Old  Testament,  is. 

Part  II.  New  Testament,  to  which  is  added 
The  Geography  of  the  Bible,  for  very  young  Children.  By  Rev.  C. 
Thornton  Forster,  is.  2d.  ***  Or  the  Two  Parts  in  One  Volume.  2s. 


FRENCH. 

24.  French  Grammar.  With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.  By  G.  L.  Strauss,  Ph.D.  is.  6d. 

25.  French-English  Dictionary.  Comprising  a large  number  of 

New  Terms  used  in  Engineering,  Mining,  on  Railways,  &c.  By  Alfred 
Elwes.  is.  6d. 

26.  English-French  Dictionary.  By  Alfred  Elwes.  2s. 
25,26.  French  Dictionary  (as  above).  Complete,  in  One  Vol.,  3s. ; 

cloth  boards,  3s.  fid.  ###  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 
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French,  continued. 

47*  French  and  English  Phrase  Bonk  : containing  Intro- 
ductory Lessons,  with  Translations,  tor  the  convenience  ot  Students  ; several 
Vocabularies  oi  Words,  a Collection  of  suitable  Phrases,  and  Easy  Familiar 
Dialogues,  is. 


GERMAN. 

39.  German  Grammar.  Adapted  tor  English  Students,  from 

Heyse’s  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,  is. 

40.  German  Reader  : A Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  ot  Germany ; with  Notes,  Philological  and  Ex- 
planatory. By  G.  L.  Strauss,  Ph.D.  is. 

41.  German  Triglot  Dictionary.  By  Nicholas  Esterhazy, 

S.  A.  Hamilton.  Part  1.  English-German-French.  is. 

42.  German  Triglot  Dictionary.  Part  II.  German-French- 

English.  is. 

43.  German  Triglot  Dictionary.  Part  III.  French- German- 

English.  is. 

41-43.  German  Triglot  Dictionary  (as  above),  in  One  Vol.,  3s.; 

cloth  boards,  4s.  ***  Or  with  the  German  Grammar,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a Course 

of  Exercises.  By  Alfred  Elwes.  is. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.  1.  Italian-English-French.  2s. 

30.  Italian  Triglot  Dictionary.  By  A.  Elwes.  Vol.  2. 

English-French-Italian.  2s. 

32.  Italian  Triglot  Dictionary.  By  Alfred  Elwes.  Vol.  3. 

French-Italian-English.  2s. 

28,30,  Italian  Triglot  Dictionary  (as  above).  In  One  Vol.,  6s. 
32.  cloth  boards,  7s.  6d.  ***  Or  with  the  Italian  Grammar,  cloth  bds.,  8s.  6d. 


SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a Simple  and  Practical  Form.  With 

a Course  of  Exercises.  By  Alfred  Elwes.  is.  Gd. 

35.  Spanish-English  and  Englisli-Spanish  Dictionary. 

Including  a large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes. 
4s.  ; cloth  boards,  5s.  ***  Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese  Grammar,  in  a Simple  and  Practical  Form. 
With  a Course  of  Exercises.  By  Alfred  Elwes,  Author  of  “ A Spanish 
Grammar,”  &c.  is.  Gd.  {Just published. 


HEBREW. 

46*.  Hebrew  Grammar.  By  Dr.  Bresslau.  is.  6d. 

44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 
containing  the  PIcbrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  Gs.  Or  with  the  Grammar,  7s. 

46.  English  and  Hebrew  Dictionary.  By  Dr.  Bresslau.  3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.  the  Grammar,  clotli  boards,  12s. 
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LATIN. 

19.  Latin  Grammar.  Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M. A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 
M.A.  2s. 

22.  English-Latin  Dictionary;  together  with  an  Appendix  ol 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.  By  the 
Rev.  Thomas  Goodwin,  M.A.  is.  6d. 

20,22.  Latin  Dictionary  (as  above).  Complete  in  One  Voh,  3s.  6d. ; 

cloth  boards,  4s.  6d.  *,.*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.  Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is. 

2.  Ceesaris  Commentarii  de  Bello  Gallico.  Notes,  and.#  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.  2s. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.  Edited,  with  an 

Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.  is. 

13.  Ciceronis  Orationes  in  Catilinam,  Verrem,  et  pro  Arcliia. 

With.  Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Leary,  D.C.L.  formerly  Scholar  of  Brasenosc  College,  Oxford. 
IS-  6d.  [J2 tst  published. 

14.  Ciceronis  Cato  Major,  Ltelius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.  2s. 

3.  Cornelius  Nepos.  With  Notes.  By  H.  Young,  is. 

6.  Horace ; Odes,  Epode,  and  Carmen  Sseculare.  Notes  by  II. 

Young,  is.  6d. 

7.  Horace;  Satires,  Epistles,  and  ArsPoetica.  Notes  by  W.  Brown- 

rigg Smith,  M.A.,  F.R.G.S.  is.  6d. 

21.  Juvenalis  Saturn.  With  Prolegomena  and  Notes  by  T.  IT.  S. 

Escott,  B.A.,  Lecturer  on  Logic  at  King’s  College,  London.  2s. 

16.  Livy  : Histoiy  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.  Part  1.  Books  i.,  ii is.  6d. 

16*. Part  2.  Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  3 Books  xxi.,  xxii.,  is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellurn  Jugurthinum.  Notes  Critical 

and  Explanatory,  bj'  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.  is.  6d. 

10.  Terentii  Adelphi,  ITecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

9.  Terentii  Andria  ct  Ilcaulontimorumcnos.  With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  is.  6d. 

11.  Terentii  Eunuclius,  Comcedia.  Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  Georgies  by  II.  Young,  is.  6d. 

5.  Virgilii  Maronis  TEneis.  With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved.  With  copious  Addi- 
tional Notes  by  Rev.  T.  M.  L.  Leary,  D.C.L,,  formerly  Scholar  of  Brascnose 
College,  Oxford.  3s.  _ [Just published. 

5* Paitl.  1 looks  i.— vi.,  is.  6 1 . [Just published. 

5’* Part  2.  Books  vii. — xii.,  2s.  [Just published. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.  2s. 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius. Apukhis,  &<:.  Notes  by  W.  B.  Donne,  M.A.  2s. 
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GREEK. 

Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day.  By  Hans 
Claude  Hamilton,  is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Henry  R. 
Hamilton..  Vol.  1.  Greek-Euglish,  2s. ; Vol.  2.  English-Greek,  2s.  Or  the 
Two  Vols.  in  One,  4s.  : cloth  boards,  5s. 

14,15.  Greek  Lexicon  (as  above).  Complete,  with  the  Grammar,  in 

17.  One*Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  II.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 

./Eschylus  : Prometheus  Vinctus  : The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.  is. 

.Eschylus  : Septem  Contra  Thebes  : The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.  is. 

Aristophanes  : Acharnians.  Chiefly  from  the  Text  of  C.  IT. 

Weise.  With  Notes,  by  C.  S.  T.  Townshend,  M.A.  is.  6d. 

26.  Euripides:  Alcestis.  Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.  is.  6d. 

23.  Euripides  : Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf. With  Notes,  Critical  and  ExManatory,  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.  is.  ,6d. 

417.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 

With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  apd 
Explanatory,  by  T.  H.  L.  Leary,  M.A. , D.C.L. 

Part  1.  Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.  Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.  Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s. 

Part  4.T  Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

Homer,  The  Works  of.  According  to  the  Text  of  Baeumlein. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 

The  Iliad  : Part  1.  Books  i.  to  vi.,  is.6d. 

Part  2.  Books  vii.to  xii.,  is.6d. 

The  Odyssey:  Parti.  Books  i.  to  vi.,  is.  6d 
Part  2.  Books  vii.  to  xii.,  is.  6d. 
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Part  3.  Books  xiii.  to  xviii.,  is.  6d. 
Part  4.  Books  xix.  to  xxiv.,  is.  6d. 
Part  3.  Books  xiii.  to  xviii.,  is.  fid. 
Part  4.  Books  xix.  to  xxiv.,  and 
Hymns,  2s. 

The  Text  carefully  revised,  with 


Lucian’s  Select  Dialogues 

Grammatical  and  Explanatory  Notes,  by  H.  Young,  is.  6d. 

Plato’s  Dialogues : The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes.  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

18.  Sophocles:  CEdipus  Tyrannus.  Notes  by  H.  Young,  is. 

20.  Sophocles:  Antigone.  From  the  Text  of  Dindorf.  Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Milner  B.A.  2s. 

Thucydides:  History  of  the  Peloponnesian  War.  Notes  by  H. 

Xenophon’s  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a Geographical  Register,  by  H.  Young.  Part  1.  Books  1.  to  in., 
is.  Part  2.  Books  iv.  to  vii.,  is.  , 

Xenophon’s  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.  Jewitt.  is.  6d.  . 

Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of 
Brascnose  College,  Oxford,  is.  6d.  \J"si  Published. 
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